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IMPORTANT NOTICE 


Course 75 contains 8 large schematics. They are located directly below this 
instruction sheet. These schematics are: Figure 1 (page 6A) and Figure 2 
(page 14A) of Lesson 7515; Figure 4 (page 10A), Figure 6 (page 18A), and 
Figure 7 (page 20A) of Lesson 7520; Figure 9 (page 10A) of Lesson 7545; 
Figure 4 (page 8A) and Figure 16 (page 20A) of Lesson 7550. You can take 
these schematics out of this volume and place them alongside the text material 
as you study those circuits. 


After you have finished studying the material in this volume, you may wish to 
file the schematics with the lessons to which they refer. To make this easy, each 
schematic has the lesson name near the upper right-hand edge of the sheet and 
the lesson and page numbers in the lower left-hand corner. 
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The above photo shows a well-equipped service shop. Note that all the test 


equipment is within easy reach, small parts are kept in cabinets and the area 
is well lighted. 


Courtesy Motorola, Inc., 
Communications Division 
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The secret of success in life is for 
a man to be ready for his opportunity 
when it comes. 

—Disraeli 
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SERVICING EQUIPMENT 


The installation, maintenance and repair of electronic equipment is a large 
and growing business. Many technicians are employed in a variety of 
industries to maintain such items as data processing equipment, process 
control devices, test equipment and communications gear. 


A great many electronic technicians are also employed in the repair of 
home-entertainment electronic devices. Television servicing represents a 
large fraction of this business, but an important part of it is also provided by 
radio and audio devices such as tape recorders, phonographs and high- 
fidelity/stereo systems. 


THE BASIC APPROACH 
TO SERVICING 


A systematic procedure in any servicing operation can lead to significant 
savings in the time required to locate the trouble. It is not a matter of luck 
when the experienced serviceman locates the defect promptly and restores 
normal operation. 


The competent technician follows a time-tested plan in every service job. He 
makes certain preliminary checks to reveal the nature of the trouble and to 
isolate the area not functioning properly. He then makes a series of tests in 
the affected stage to determine the exact component that is at fault. 


Throughout the process, the technician relies on his knowledge of basic 
circuit theory to lead him to the solution. He does not take a series of wild 
shots in the dark. Nor does he waste time on tests that have no bearing on 
the problem. 


To become an efficient “‘troubleshooter” you must follow a logical approach. 
The speed with which you can find the trouble increases with experience, 
but from the very beginning you can follow an approach which will greatly 
improve your efficiency. 


REPAIR OR REPLACE? 
A QUESTION OF ECONOMICS 


Before the advent of transistors, home-entertainment equipment was vac- 
uum tube operated and expensive. When a piece of equipment became 
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defective, it was economically practical to service it. Today, however, 
transistors, integrated circuits and other solid-state devices have found their 
way into all areas of the consumer market and have greatly changed 
home-entertainment equipment as well as the service industry. The automo- 
bile radios of today are all solid-state devices. Most new home radios are 
also transistorized. High-fidelity/stereo systems, tape recorders and pho- 
nographs are all using transistors. The service shop today must be equipped 
to service such devices, and anyone who plans to enter service work must be 
prepared to work on solid-state equipment. 


With many solid-state devices it is valid to ask the question, “Is it worth 
fixing?’”? When a unit can be replaced for perhaps ten dollars or less, the 
answer to this question may well be “No,” if anything more than battery 
replacement is required. The serviceman’s time must be paid for, and 
locating the trouble in a five dollar radio may take as long, if not longer, than 
in a hundred dollar unit. When the cost of repairs approaches the cost of the 
unit, the owner of the five dollar unit would be money ahead to purchase a 
new unit. Transistor circuitry is now also used in a great many devices which 
are expensive enough to justify extensive repair. As a general rule, the 
replacement cost of the item sets the limit on the extent of repairs that are 
economically practical. 


TEST EQUIPMENT FOR SERVICING 


The value of any service technician depends on how quickly he can locate 
and correct the defects in the customer’s equipment. Knowledge and 
experience play an important part in determining how efficiently he can do 
this. Servicing efficiency also depends on the variety and quality of test 
equipment and how well the serviceman is trained in its use. 


Many customer problems can be solved with little or no aid from test 
instruments. However, having the proper tools for the job can lead to more 
efficient use of the serviceman’s time. This lesson will cover the more 
common types of test equipment used in servicing home-entertainment 
equipment. 


There are many test instruments available which can be helpful. Some of 
these are considered essential, and many more are occasionally useful but 
are not actually required to handle most service problems. The inst 
considered essential for radio and high-fidelity/stereo servicing are a mul- 
timeter, an tf generator-and an audio generator (sine and/or square wave) 
for audio servicing. If there is a substantial amount of high-fidelity/stereo 
servicing, the oscilloscope becomes very nearly essential. Tube and transis- 
tor testers are also very helpful, and the serviceman should be familiar with 
their operation and limitations. 
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Meters 


No service shop can function without some means 1s of measuring both ac and 


de-voltages, resistance and currents. Voltage measurements are often the 
fastest way to isolate troubles in any electronic equipment. Resistance 
measurements Car-be-tsed-to- detec Chen Geer Renee and can 
quickly locate shorts or opens. DC current measurements can also be helpful 
in tracking down troubles. Two distinct kinds of multimeters are widely used 


in service work—the volt-ohm- -milliammeter (VOM) and the high impedance 


electronic meter employing ' vacuum tubes or transistors. hes 


The standard portable VOM consists of a de current meter movement, a 


Figure 2 ste : : 
3 1 switchable voltage divider network to permit changing ranges on voltage and 


current measurements, some form of rectifier to convert ac voltages to de 
voltages when making ac measurements, and a battery for use in converting 
the device into an ohmmeter. The primary advantages of such a meter are 
low cost and compact size. It is handy for carrying on service calls because it 
requires no external power and can be used anywhere. 


-2V 
The chief disadvantage of the portable VOM is the relatively low input 

ns impedance of its voltmeter section. In many electronic circuits; this places 

an excessive load on the Circuit being measured, and produces an erroneous 

om Venn reading. Let’s examine such a situation. Assume that we desire to measure 

At the voltage from gate to ground in the field effect transistor amplifier shown 

Ree EUIVALE NT a i ‘ = in Figure 1. The gate voltage is normally small and requires a low-voltage 
1m2$ RESISTANCE 43 oo kg range on the meter. The input impedance of the reverse-biased gate circuit is 


asc very high, generally on the order of several megohms. With a bias supply of 

—2 volts and the voltage divider shown, the gate to ground voltage is —1 

volt. Assume that you use a 20 kQ/volt VOM on the 1-volt range to measure 

= this voltage. The internal impedance of the meter on this range is 20 kQ. This 

impedance in parallel with R, (1 MQ) produces an equivalent resistance of 

Figure 19.6 kQ as shown in Figure 2. The resultant voltage at the gate is therefore 

2 — .0384 volt with the meter connected. The true operating voltage cannot be 
measured with such a meter. 


On the other hand, many readings are not seriously affected by such meters. 
As voltmeters they can be used to accurately check power supply voltages 
and voltages in low impedance circuits. Most VOM’s also permit reasonably 
accurate measurement of resistance and de current. 


A VOM will usually handle any of the readings that are likely to be taken 
when making a service call in the customer’s home. On the service call you 
may want to measure supply voltages and to check continuity in some 
portions of the unit, but you are not apt to be measuring critical operating 
voltages that require a high impedance meter. If such measurements are 
required, the unit should come back to your shop. 
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For use on the service bench, an electronic transistorized or vacuum tube 


voltmeter (VIVM) i ectronie-meter. It provides 


more accurate voltage measurements because its_high impedance. input 
causes less loading effect on the circuit being tested. Measurements in high 
impedance circuits, such as age lines, can be made accurately with an 


electronic meter. Unfortunately, most VTVM’s cannot measure current. 
——=———————E=E © pee ee es 


For all-around service work, a meter should provide accurate readings both 
at high and low ac and dc voltages. In transistor circuits these voltages may 
be as low as a fraction of a volt, while in tube circuits the voltages may be 
several hundred volts or more. A low-voltage range of 1 volt or less is 
necessary for transistor equipment servicing. 


The ac voltage range of the meter should be accurate through the audio- 
frequency range. Receiver alignment can often be done by connecting an ac 
meter across the speaker, or a dc meter across the automatic volume control 


(avc) line. While extreme accuracy is not required in this application, it is 


helpful if measurements at different audio frequencies are comparable. 


a 
— 
———— 


The vacuum tube voltmeter provides a high impedance input 
to reduce circuit loading. This instrument includes a .5 volt 
dc range which is especially useful when servicing transistor 
circuits. 

Courtesy Radio Corporation of America 
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This digital multimeter allows the technician to directly read 
voltage, resistance and current. 


Bell and Howell Photo 


Many electronic meters can be equipped with an r-f probe for high- 
frequency ac measurements. However, this is seldom required in radio 
servicing. It does not qualify as a necessity. The presence and strength of r-f 
signals can be determined in other ways, such as by avc measurements or 
audio output measurement if the signal is modulated. 


ees — ae 


advantage of_a digital readout. The meter movement has been replaced by a 


numerical display device, yielding high accuracy with easy readability. 


SE eee OO oe ne is 
a valuable addition to the service shop. Desirable features include relatively 
accurate calibration, variable voltage output, and choice of modulated or 
unmodulated output. Frequency coverage of the r-f generator should extend 
from a low of 250 kHz or less to a high above 110 MHz if FM service is to be 
performed. The lower limit is necessary because most automobile radios 
now use 262 kHz as the AM intermediate frequency. The unit should be 
reasonably stable after a brief warm-up and have a well-calibrated dial 
which is easy to read and can be easily set to the desired frequency. 


An audio modulation signal should be included in the r-f generator and 
control of the level of modulation is desirable. Many signal generators also 
provide a separate audio output signal. Because this is usually a fixed 
frequency such as 400 Hz or 1| kHz, this feature does not serve the same 
purpose as a Separate audio-frequency generator, but it can be used for 
signal tracing in the audio portion of receivers. A multiplex generator may 
also be included in the shop if extensive service of stereo FM receivers is 
contemplated. 
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Audio Generators 


If you are planning to do much service work on high-fidelity/stereo 
equipment, a good audio generator is desirable. This instrument can be used 
to determine the frequency response of amplifiers and the effect of tone 
controls and other frequency compensating devices. Together with a good 
oscilloscope, a good audio generator is quite useful in the troubleshooting of 
audio devices. 


Some audio generators provide both sinewave and square wave outputs. 
This is not essential, but the square wave is helpful when used with an 
oscilloscope to check for distortion in an amplifier. 


Tube Testers 


Most tube troubles can be found by substituting a new tube in the device 
being tested. This is often faster and more conclusive than using a tube 
tester. Also, there are some tubes, particularly those used in high-frequency 


ene 


circuits, whi ill not operate properly in the circuit even though they test 
“960d” on a tube tester. A Gattis eee [ep 
Og ce ny 


However, in any service shop there are occasions when a tube tester is 
desirable. Some business will come from people who walk in with the tubes 
from their radio (or TV set) and would like them checked. Self-service 
testers allow these customers to check their own tubes without involving a 
technician. This would be lost business if you had no tester. Also, some 
radios or amplifiers will contain unusual tubes that you may not have in 
stock. It would be convenient to check these rather than purchasing a special 
supply to use for a one-time substitution test. Some radios will be almost 
antique, and contain tubes that you no longer carry in stock. For these 
reasons, and also because it forms a good impression on the customer, most 
service shops do include a tube tester. 


Tube testers usually fall into one of two categories—emission testers or 
transconductance testers (mutual Conductance). Both types also make other 
tests, such as shorts, leakage and heater continuity. 


An_ emission tester makes a_test to-determine-whetherelectron_emission 
from the cathode is normal. Such testers connect all tubes as though they 
were diodes, with all grids connected to the plate. The meter measures the 
cathode current. A known ac voltage is applied between these elements, and 
the amount of current which exists is a good indication of the cathode’s 
ability to emit electrons. Comparison is made to a normal tube of that type 
by referring to a chart. 
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The voltages used in such testers are relatively low, usually below the 
normal operating voltage of the tube, and the conditions of the test are static. 
Such tests will reveal tubes that are abnormally low in emission but will not 
show up all tubes that fail to work satisfactorily in radio circuits. Converse- 
ly, some tube which cannot pass the emission test may continue to give 
satisfactory service in an actual circuit. As a general rule, the technician is 
still well advised to replace any questionable tube. 


A transconductance tester checks the amplifying ability of vacuum tubes. 
This tsa more-retiable test than the emission test,althou gh it does notreveal 
all tubes which perform unsatisfactorily. 


Transconductance is defined as the ratio of_a-change in plate current to the 


change in grid voltage which caused it. It is measured in micromhos or 
microsiemens. If a .5 volt change of grid voltage causes a 1 mA change in 
plate current, the transconductance is .001/.5 or .002 mhos (or 2000 
micromhos). Such a value is typical of many triode voltage amplifiers. 


Pentodes usually have a higher transconductance. 


Tube testers which check transconductance may use either de or ac voltages 
on the tube elements. The less expensive models usually use ac to save the 
cost of a rectifier and filtering network. 


Figure 3 shows a schematic diagram of an ac version of a transcon- 
ductance-type tube tester. V, is the tube being tested. Taps on the trans- 
former allow the proper plate voltage to be selected for the type of tube 
being tested. The meter is in series with the plate circuit and indicates the 
plate current. The low-voltage tap supplies a signal to the control grid which 
controls the plate current. If the transconductance is low, the plate current 
will not be high enough and the meter will indicate a low transconductance. 
Some transconductance testers include a GOOD-BAD scale to help deter- 
mine the condition of the tube. In order to obtain a similar meter reading ona 
variety of tubes, the grid and plate voltages are set such that current through 
the meter above a certain level indicates a good tube. 


In addition to testing either emission or transconductance, tube testers 
usually contain a circuit petted 26sec The short test 
should be madé before testing the plate current. In this test a low ac voltage 
is obtained from a transformer. One side of the transformer connects to all 
elements of the tube through a switching arrangement like that shown in 
Figure 4. The other side of the transformer connects through a resistor and 
the neon lamp to the normally open side of the set of switches. Each switch, 
in turn, is used to connect the neon lamp to a tube element. If a short is 


present to any other tube element, current will be through the short and the 
lamp will glow. 
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Figure 4 


The same setup is used to test for leakage resistance. Leakage resistance is 
equivalent to having a high resistance short between elements, and if the 
resistance is below a normal value, the neon lamp will glow. 


The short test is usually made with heater voltage applied to the tube 
because some shorts show up only after heat has caused the tube elements 
to expand. When switch S, in Figure 4 is set to the right, the heater circuit is 
opened but a short should be indicated by the neon lamp because the heater 
itself provides a low resistance path for its current through S;. If the lamp 
did not light, it would indicate that the tube heater was open. 


Transistor Testers 


In well-designed circuits, transistor failure is uncommon. As with tube 
5 SS SPSS yor acta co rane WTO: are, however, 
handy because it is almost impossible to carry a complete stock of 
replacement transistors for substitution purposes. Because many transistors 
are soldered directly into the circuit, the tester should be of the “in circuit” 
type so the transistor does not have to be removed. Most testers measure 


beta and | nt, though the latter test must be made-out-of-eircuit. 
ircuit power must always be off before performing a test. 


Figure 5 shows the simplified schematic of an ac powered in-circuit 


transistor tester. The_most important quality test for transistors is to- 


determine beta or hy, the base-to-collector current gain. A tester may be 
designed to measure either ac or dc beta. Typically, an ac powered tester will 


measure ac, and a battery powered unit, dc. 


In Figure 5, the small ac voltage obtained from the T, secondary is applied 
between the emitter and collector of the transistor under test. R, supplies an 
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TEST 
TRANSISTOR 


Figure 5 


ac signal to the base of the transistor under test. Test leads connect to the 
transistor under test, which does not need to be removed from the circuit in 
which it normally operates. 


To use the instrument, the function switch is set to the CAL position. This 
places the meter in parallel with the collector load R,. The calibration 
control, R,, is adjusted to obtain full-scale deflection of the meter. This 
condition sets the collector current at 2 mA. 


The function switch is then set to the TEST position, connecting the meter in 
the base circuit in place of R,. Because R; is equal to the internal resistance 
of the meter, the base current remains the same when the function switch is 
in the TEST position. The meter now indicates base current, and because the 
collector current is known, the meter can be directly calibrated in terms of 
beta. 


Figure 5 includes a switch which reverses the meter so both NPN and 
PNP-type transistors can be tested. Because ac voltages are used on all 
elements, the transistor conducts on one half cycle whether it is PNP or 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


11; 


THE BASIC APPROACH TO SERVICING 
REPAIR OR REPLACE?—A QUESTION OF ECONOMICS 
TEST EQUIPMENT FOR SERVICING 

METERS 

AUDIO GENERATORS 


TUBE TESTERS 


. What tends to establish the upper limit at which repairs are economically 


practical on inexpensive radios? 


. What is the chief disadvantage of a low impedance volt-ohm-milli- 


ammeter? 


. List at least three measurements which can be made satisfactorily with a 


typical VOM. 


. The transistorized voltmeter is well suited to measurement of low voltages 


in high impedance circuits. True or False? 


. For what two operations can an r-f signal generator be used in radio 


troubleshooting work? 


. An audio generator is helpful in determining the frequency response of a 


high-fidelity amplifier. True or False? 


. Substitution of tubes in the equipment being serviced is not a good method 


of checking tubes. True or False? 


. Name the two basic types of tube testers. 


. If a tube tester connects the tube to be tested as a diode, with the grids and 


plates connected together, is it an emission tester or a transconductance 
tester? 


What ratio establishes the transconductance of a tube and in what units is 
it usually measured? 


How can the meter in the circuit of Figure 3 be calibrated directly as 
GOOD or BAD when not all types of tubes have the same value of 
transconductance? 
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12. In the test circuit of Figure 4, which switch must be toward the right to 
reveal a short between the cathode and the control grid? 


13. Why is heater voltage usually applied to the tube during short tests? 


14. For testing tubes in a tube tester, which of these tests should be performed 
first—the transconductance test or the short test? 


. 
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This transistor tester will test transistors without removing 
them from the circuit. In addition to testing conventional 
junction transistors, this unit will also test field effect transis- 


tors. 
Courtesy Sencore, Inc. 


NPN. However, the direction of current through the transistor is reversed in 
the two instances, and it is necessary to reverse the meter for proper 
operation. 


Zener diodes D, and D, limit the input voltage to the transistor. They also 
serve as voltage regulators to ensure that the applied voltage remains 
constant after the calibration control has been set. 


Notice that the resistance values in the tester are all low enough that 
components in the circuit under test have virtually no effect. If the 
collector-to-emitter resistance exceeds about 50 ohms in the unit being 
tested, the readings obtained with the transistor in the circuit are as accurate 
as they would be if the transistors were entirely out of the circuit. 


Wpesiditioniio betaiiksis smiasittansision testers include ciseuitssta.checkefan 
shorts and abnormally high leakage current. ese tests require the applica- 
tion of dc voltages rather than ac because the elements are reverse biased 
during the tests. Figure 6 shows a test setup for checking leakage between 
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collector and emitter with the base open. In a normal transistor a very small 
current will exist in this circuit. If any junction is shorted or has excessive 
leakage, a much higher current will exist. Similar tests can be made between 
any two elements. 


THE SERVICE BENCH 


The service bench should be carefully set up to conserve the serviceman’s 
time as much as possible. The necessary test equipment should be assem- 
bled in a manner that permits easy connection to the units being tested. 
Adequate lighting without shadows is a necessity. Storage for replacement 
parts should be convenient and well marked. 


Power to the bench is an important consideration. Some units being serviced 
are of the transformerless ac-dc variety in which one side of the ac line goes 
directly to the chassis. When working on such a unit with test instruments 
which also connect to the ac line, isolation from the line is important. An 
isolation transformer should be used between such units being serviced and 
the line. 


An isolation t transformer is a transformer with a 1:1 turns ratio, which serves 
to prevent direct connection between the line and the device connected to it. 
An even better choice is ‘is a-voltage-variable ‘transformer. This type of 
transformer allows you to make tests with lowered or raised power line 
voltages, which can be useful in testing for “borderline” operation. 


If automobile radios are to be serviced, the bench should also be equipped 
with a battery eliminator. These devices provide a convenient source of dc 
power at battery voltages. To be useful on portable transistorized equip- 
ment, this supply should have a variable output, permitting its use at several 
voltage levels. The auto radios will nearly all require 12 volts, while 9 volts, 6 
volts and 4.5 volts will be encountered in some transistor portables. Many 
supplies intended for substitution in place of a battery can also be used as 
battery chargers. Any supply to be used as a battery substitute must have 
good regulation under varying loads, and must be very well filtered. 


SOURCES OF SERVICING INFORMATION 


The well-equipped service shop should contain a library of servicing 
information on all the types of units normally serviced. This can represent a 
sizable investment, but is well worth the cost. Much time can be wasted in 
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circuit tracing if the necessary schematics are not available. Attempting to 
trace the circuitry on a printed circuit board without a schematic or circuit 
layout diagram is a frustrating task. 


Several organizations make a business of supplying servicing data to the 
repairman. These service sheets provide schematic diagrams, pc board 
layouts and alignment instructions for nearly every model of equipment 
sold. This type of material is available through parts distributors, and is also 
advertised in many of the electronics publications. 


In addition to such sources, a wealth of service information can be obtained 
from manufacturers of radio equipment. Service manuals are prepared for 
most equipment and can be obtained directly from the manufacturers. Most 
of the leading manufacturers will send technical data on their equipment on 
a regular basis, if you ask to be placed on their mailing list. 


There are also a number of good publications devoted to the electronic 
servicing industry. These will help to keep you informed of the latest 
innovations in circuits for all forms of home-entertainment devices. Several 
contain regular columns of contributions from working service technicians, 
covering faults that develop in particular pieces of equipment. 


It takes both time and money to accumulate a good library of service 
information. It is, however, one of the most valuable investments you can 
make in your shop. You cannot do an efficient job on the variety of 
equipment you will be called upon to service without proper circuit data. 


HAND TOOLS 


In addition to the test equipment required, the serviceman needs a well- 
chosen set of hand tools. The proper tools can materially reduce the time 
required to replace defective parts. Failure to use the proper tools can result 
in damage to the unit being repaired. 


work in wired circuits, a somewhat higher wattage iron or soldering gun iS 


sarong REI aca ee ee ae — jose <vme — 
usually used. For most electronic work, 100 watts is adequate. 
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CHASSIS REMOVAL 


_——— EXTERNAL POWER SUPPLY JACK 1. Remove all knobs. 3. Remove battery case. 
f ———_ 2. Unsolder green antenna lead at terminal strip. | * 4. Remove three mounting screws. 
; SS (Note position of green lead as this lead must 5. Carefully slide out chassis then remove the 
be reconnected to the same terminal.) AC power jack and speaker leads. 
af Sfp — rea Chighys ON-OFF SWITCH & _ 121-615 age 
( | ere cS eee: VOLUME CONTROL | WB. RF. “ 
ieee (21-636 10.0, lo7Mni =a fd 
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OS » l2l-299M) | TRAP TRIMMER O 


W.B. R.F. COIL T11 
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(ADJUST FOR MINIMUM) 


Z| »3RO IF | 
Bey scal e 
ff | / 3 "ed 17, 3RD |.F TRANS: 
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TRANSISTOR AND TRIMMER LAYOUT 


This sample page is typical of the information supplied in a 

manufacturer’s service manual. It shows all of the alignment 

points as well as the location of the major components. 
Courtesy Zenith Radio Corporation 


Your set of hand tools should include a good pair of diagonal cutters, long 
nose pliers, a selection of screwdrivers and nut drivers, and suitable 
alignment tools. A wire stripper is a handy addition. Spring-type heat sinks 
are also helpful for work on solid-state circuits. They grip the unit to be 
soldered, while allowing both hands free for the soldering operation. 
Experience will show what tools should be added to the basic lineup. 


CUSTOMER RELATIONS 


The serviceman should always remember that part of his job is maintaining 
good relations with the customers he serves. Whether he is a self-employed 
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businessman or the employee of a large service shop, this is an important 
consideration. 


Such things as a neat personal appearance, good manners when speaking 
with customers in the shop, on the telephone or in the customer’s home, and 
prompt attention to the customer’s problems all have a bearing on your value 
as a serviceman. Never provoke or feed an argument. Diplomacy will solve 
more problems than shouting. 


In addition to these fundamental considerations, there are a number of small 
practices which can improve the customer’s opinion of your service. If these 
are regularly included in your service routine, they will require little extra 
time and are apt to improve the repeat business you obtain. 


You should always clean a unit thoroughly before returning it to the 
customer. There is usually a considerable accumulation of dust on the 
chassis and inside the cabinet. This should be removed either with air 
pressure, vacuum, or by wiping. A small dry paint brush can help you reach 
the tight spots. Plastic cabinets are easily cleaned with a damp cloth, while 
wood cabinets should be cleaned with furniture polish. Never spray contact 
cleaner on a plastic surface. Many such cleaners contain solvents and may 
dissolve a plastic surface. Also, avoid rubbing off calibration marks or 
labels. 


Check such items as dial cord tension and proper functioning of dial lights. 
Replace knobs carefully. Wind the line cord up neatly. Don’t tie it in knots or 
let it hang loose. Replace all missing hardware with a close match. Some 
shops enclose the finished repair in a plastic bag. This is especially desirable 
in wet weather. 


These may seem like insignificant matters, but they do affect the image you 
leave with your customers. A little extra effort will be repaid by the 
customer’s return when he again needs service, and by his recommendation 
of your work if someone else needs a repair job. Conversely, if he sees that 
you have little concern for the outward appearance of his receiver, he may 
assume that the repair itself was poorly done. 


SUMMARY 


All efficient troubleshooting follows a systematic plan, designed to first 
determine the nature of the trouble, isolate the defective stage, and then 
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locate the fault. This is true in both transistorized equipment and in tube 
circuits. 


The speed with which a serviceman can locate the defect is determined by 
the effectiveness of his plan of attack, his knowledge of basic circuits, and 
his skill at making effective use of the test equipment available. 


Circuit diagrams, layout drawings and alignment information are great helps 
to the serviceman, and expenditures for a library of such information are 
repaid by the time savings which they effect. 


A good assortment of hand tools can add to the efficiency of servicing work. 
The selection of tools is usually a matter of personal preference, but should 
include suitable soldering irons, wire cutters, and other tools that are 
essential to servicing work. 
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SERVICING EQUIPMENT Q2 


The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


15. 


16. 


i be 


18. 


19. 


TEST EQUIPMENT FOR SERVICING 
TRANSISTOR TESTERS 

THE SERVICE BENCH 

SOURCES OF SERVICING INFORMATION 

HAND TOOLS 


CUSTOMER RELATIONS 


Some transistor testers permit checking the transistor without removing it 
from the circuit in which it is used. True or False? 


In the transistor tester shown in Figure 5, what is the reason for adjusting 
calibration control R, with the meter in the collector circuit when testing 
for beta? 


Assume that the transistor being tested is in a circuit with 1000 ohms of 
resistance from collector to emitter. What effect would this have on the 
reading obtained when the meter is in the collector circuit? 


If a PNP transistor were being tested for leakage in the circuit of Figure 6, 
what changes would be necessary in the circuit? 


Why is it desirable to use an isolation transformer when servicing an ac/dc 
receiver? 
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20. Name three sources of circuit diagrams and service data which the 
serviceman may use to build up a library of useful information. 


21. A suitable soldering iron for work on printed boards should have a wattage 
rating greater than 100 watts. True or False? 
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10. 


11. 


12. 


13: 


14. 


1S; 


16. 


Lys 


PRACTICE EXERCISE SOLUTIONS 


. The replacement cost of the unit. No customer should pay more for repairs 


than the cost of a new unit. 


. The loading effect it has on high impedance circuits. 


. AC line voltage, supply and battery voltages, and resistance measure- 


ments. If the meter has a de current section, it will usually give accurate 
current readings as well. 


. True 
. Alignment and signal tracing. 
. True 


. False—This is often the fastest and most reliable of checking tubes if the 


replacement tubes are available. 


. Emission testers and transconductance testers. 


. An emission tester.—This type of tester indicates the emission from the 


cathode. 


Transconductance is the ratio of the change in plate current to the change 
in grid voltage which produces it. This is usually measured in micromhos. 


Different voltages are applied to different tubes to make their plate 
currents comparable. 


Either S, or S,. 


Because some tubes contain shorts after heating which are not present 
when the tube is cold. 


The short test.—If a short is present, the tube should be discarded without 
a quality test because a short might damage the tester during transcon- 
ductance or emission tests. 


True 


To establish the value of collector current at 2 mA. The voltages required 
to produce this current will differ from one type of transistor to another. 


Virtually none.—A 1000-ohm resistance connected in parallel with the 
collector load of 24.90 will not alter either the resistance in the collector 
circuit or the collector current significantly. 
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Dt VRY INSTITUTE OF TECHNOLOGY 


1141 BELMONT AVENUE, CHICAGO, ILLINOIS 60641 -(505A 
ee 8 one Ire EXAMINATION 
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1. A- A LOGICAL APPROACH TO TROUBLESHOOTING IS TO -- DETERMINE THE NATURE OF THE 
TROUBLE AND THEN LOCATE THE DEFECTIVE STAGE. 
Once the defective stage is located, tests can be made in that stage to determine the exact defect, 


2. D- MINIMUM REQUIREMENTS OF TEST EQUIPMENT IN A RADIO SERVICE SHOP INCLUDE -- 
PROPER METERS AND A SIGNAL GENERATOR, 
Other instruments such as tube testers, sweep generators or oscilloscopes can make the job easier, but 


are generally not essential, 


3. D- THE CHIEF ADVANTAGE OF AN ELECTRONIC METER OVER A SIMPLE VOLT-OHM-MILLI- 
AMMETER IS THAT -- IT HAS A HIGHER INPUT IMPEDANCE, 


The higher input impedance permits measurements in high impedance circuits without a loading error. 


4. B- AN IMPORTANT APPLICATION OF AN R-F SIGNAL GENERATOR IS IN -- ALIGNING THE 
TUNED CIRCUITS OF A RADIO RECEIVER. 
The r-f signal generator is used in aligning and signal tracing the i-f and r-f stages of a radio receiver. 


5. D- AN R-F GENERATOR FOR BOTH AM AND FM RADIO SERVICE WORK SHOULD HAVE A 
FREQUENCY RANGE FROM -- 250 kHz TO 110 MHz, 
The AM i-f frequencies can go as low as 250 kHz while the highest AM broadcast station frequency is 108 MHz, 


res D - TUBE TESTERS ARE USUALLY CLASSED AS -- TRANSCONDUCTANCE OR EMISSION TESTERS, 
The emission tester checks the cathode current under de conditions while the transconductance tester checks 


plate current under ac signal conditions, 


7. D- THE MOST CONCLUSIVE TUBE TEST IS -- REPLACEMENT WITH A TUBE KNOWN TO BE GOOD. 
Although transconductance testers test the tubes under ac conditions, they cannot duplicate all the operation 
conditions found in every circuit, For this reason, substitution is often the only conclusive test. 


8. D- TRANSISTOR TESTERS ARE PRIMARILY USED TO FIND -- OPEN OR SHORTED TRANSISTORS 
AND BETA RATINGS, 
Most transistor testers test for leakage as well as current gain. 


9. A- THE FUNCTION OF AN ISOLATION TRANSFORMER IS TO -- PREVENT DIRECT CONNECTION 
BETWEEN CHASSIS GROUND AND THE AC LINE, 
The isolation transformer reduces the shock hazard by isolating the ac line from the unit under test, 


10. D- SOLDERING IRONS FOR USE ON PRINTED CIRCUIT BOARDS SHOULD BE RATED AT -- 20 TO 
40 WATTS. 
A 20 to 40 watt iron is the most suitable size for pc board work, 


A higher heat can damage the board, 
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QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 


errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


LESSON CODE A raat 
7505A C L_J is known as the 


Example: The National Football League team 
representing the city of San Francisco 


(A) 49ers. (B) Lions. (C) Giants. (D) Packers. 

A logical approach to troubleshooting is to 

(A) determine the nature of the trouble and then locate the defective stage. (B) follow the same steps in 
all cases. (C) memorize all the possible defects that may occur. (D) measure every voltage in the 
circuit. 

Minimum requirements of test equipment in a radio service shop include 

(A) an oscilloscope and sweep generator. (B) a good tube tester. (C) an oscilloscope only. (D) proper 
meters and a signal generator. 


The chief advantage of an electronic meter over a simple volt-ohm-milliammeter is that 
(A) it has a lower input impedance. (B) it has more accurate calibration. (C) it is less expensive. (D) it 
has a higher input impedance. 


An important application of an r-f signal generator is in 
(A) checking distortion in a high-fidelity amplifier. (B) aligning the tuned circuits of a radio receiver. 
(C) checking continuity of a circuit. (D) checking leakage resistance of a vacuum tube. 


An r-f generator for both AM and FM radio service work should have a frequency range from 
(A) 540 kHz to 10 MHz. (B) 250 kHz to 1650 kHz. (C) 88 MHz to 110 MHz. (D) 250 kHz to 110 MHz. 


Tube testers are usually classed as 
(A) triode or pentode testers. (B) open or short testers. (C) ac or dc testers. (D) transconductance or 
emission testers. 


The most conclusive tube test is 
(A) an emission test. (B) an ohmmeter measurement. (C) a visual inspection. (D) replacement with a 
tube known to be good. 


Transistor testers are primarily used to find 
(A) whether a transistor is PNP or NPN. (B) transconductance and emission. (C) the breakdown 
voltage of transistors. (D) open or shorted transistors and beta ratings. 


The function of an isolation transformer is to 
(A) prevent direct connection between chassis ground and the ac line. (B) step up voltages to higher 
levels. (C) convert de to ac. (D) convert ac to dc. 


Soldering irons for use on printed circuit boards should be rated at 
(A) 1 kilowatt. (B) at least 100 watts and preferably more. (C) 1 watt or less. (D) 20 to 40 watts. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


18. Both the battery voltage and the meter polarity would need to be reversed. 


19. The transformer provides isolation between the chassis of the receiver and 
the ac line so that the test instruments may be connected to chassis ground 
without danger of shorting the line. 


20. Service data is published by several companies which specialize in this type 
of material; it appears in many electronics publications and is usually 
available directly from the manufacturers. 


21. False—Low wattage irons—40 watts or lower—are preferable when 
soldering printed circuit boards. 


QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 
errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


Example: The National Football League team 
sol heded 5 on representing the city of San Francisco 
L_] is known as the 
J (A) 49ers. (B) Lions. (C) Giants. (D) Packers. 
A logical approach to troubleshooting is to 
(A) determine the nature of the trouble and then locate the defective stage. (B) follow the same steps in 


all cases. (C) memorize all the possible defects that may occur. (D) measure every voltage in the 
circuit. 
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Minimum requirements of test equipment in a radio service shop include 
(A) an oscilloscope and sweep generator. (B) a good tube tester. (C) an oscilloscope only. (D) proper 
meters and a signal generator. 


The chief advantage of an electronic meter over a simple volt-ohm-milliammeter is that 
(A) it has a lower input impedance. (B) it has more accurate calibration. (C) it is less expensive. (D) it 
has a higher input impedance. 


An important application of an r-f signal generator is in 
(A) checking distortion in a high-fidelity amplifier. (B) aligning the tuned circuits of a radio receiver. 
(C) checking continuity of a circuit. (D) checking leakage resistance of a vacuum tube. 


An r-f generator for both AM and FM radio service work should have a frequency range from 
(A) 540 kHz to 10 MHz. (B) 250 kHz to 1650 kHz. (C) 88 MHz to 110 MHz. (D) 250 kHz to 110 MHz. 


Tube testers are usually classed as 
(A) triode or pentode testers. (B) open or short testers. (C) ac or dc testers. (D) transconductance or 
emission testers. 


The most conclusive tube test is 
(A) an emission test. (B) an ohmmeter measurement. (C) a visual inspection. (D) replacement with a 
tube known to be good. 


SOS SOFF SOF FOPP TOPSF FDOBYF SOS 


Transistor testers are primarily used to find 
(A) whether a transistor is PNP or NPN. (B) transconductance and emission. (C) the breakdown 
voltage of transistors. (D) open or shorted transistors and beta ratings. 


The function of an isolation transformer is to 
(A) prevent direct connection between chassis ground and the ac line. (B) step up voltages to higher 
levels. (C) convert dc to ac. (D) convert ac to de. 


Soldering irons for use on printed circuit boards should be rated at 
(A) 1 kilowatt. (B) at least 100 watts and preferably more. (C) | watt or less. (D) 20 to 40 watts. 
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This test unit provides all the necessary functions for servicing transistorized 

AM broadcast receivers. Included are a transistor tester, power supply, 
audio generator, r-f/i-f generator and a VTVM. 

Courtesy B and K Division 

Dynascan Corp. 
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Not unless we fill our existence with 
an aim do we make it life. 
—Reichel 


TROUBLESHOOTING TECHNIQUES 


There are a number of different methods of troubleshooting. The different 
methods are made possible by the various kinds of test equipment and 
measuring instruments available. Although most experienced service techni- 
cians proceed in much the same way, their individual routines differ in some 
respects. 


Generally speaking, the basic troubleshooting procedure consists of prelimi- 
nary checks followed by one or more testing methods. Most often, the main 
differences between individual procedures lie in the selection of the testing 
methods and the order in which they are used. This lesson describes the 
commonly used methods. As you gain experience, you will make most use of 
those methods that are best suited to your needs. 


BASIC TROUBLESHOOTING PROCEDURE 


If we omit details regarding specific types of tests, we can outline the basic 
troubleshooting procedure as follows: 


1. DETERMINE-FHE-SY¥MPFOM—Listen to the owner’s description or 


complaint, and observe the operation, or lack of operation, of the faulty unit. 


2. MAKE INITIAL CHECKS. If the unit operates at all, manipulate tuning 
controls, volume controls and other controls to observe their effect, if any, 
on the operation. For a battery operated unit, check the condition of the 
battery if the symptom could result from a bad battery. 


3. LOCATE THE FAULTY STAGE, Remove the defective unit from its 
cabitret~Make-a thorough visual examination of the unit, looking for burnt or 
broken components. With the aid of test instruments, check to find out 
which section or stage in the unit is defective. In some instances, you may 
have obtained this information from your initial checks. 


4, LOCATE THE FAULTY CIRCUIT, Make the necessary tests to find 
Which circuit in the faulty stage contains the defect. For example, in a 
transistor stage the defect may be in the base circuit, the emitter circuit or 
the collector circuit. 


5. FIND THE DEFECT. After you’ve found the circuit that contains the 


defect, make further tests to locate the actual defect. This may involve a 


faulty circuit component, or some other circuit trouble. 


The exact procedure for locating a defect depends on the nature of the 
defect. Therefore, variations of the basic troubleshooting procedure are 
generally used for different types of troubles. 
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After you have found the trouble, install the new part, make the adjustments 
or do whatever else is necessary to restore normal operation. 


TESTING METHODS 


Several basic testing methods are used in troubleshooting. Each has 
advantages and limitations with which you should be familiar so you can 
select the methods best suited for finding each type of trouble. 


One basic test method is the DYNAMIC TEST. It consists of observing how 
the circuits of the faulty unit affect the-signal. The two common types of 
dynamic tests are signal injection and signal tracing. 


The other basic test method is the STATIC TEST. It is a check of circuit 
conditions with no signal applied to the unit. Examples of static tests are 


V, resistance measurements. 


In addition to the dynamic and static tests, there are a few other testing 
methods. In general, they take the form of observing the results of opening 
circuits and replacing or shorting out various components. 


Signal Injection 


SIGNAL INJECTION requires the use_of a test signal supplied by an 
external source such as a signal generator, The idea is to introduce the test 


Signal at various points in the defective unit, and observe the output, such as 


the sound produced in the speaker. This method of testing is also known as _ 


SIGNAL SUBSTITUTION because the test signal from the generator is 
substituted for the regular signal. 


To illustrate this method, a block diagram of a broadcast band radio receiver 
is shown in Figure 1. R, in Figure 1 represents the volume control. Labeled 
TP for test point, the ungrounded terminal of R, is usually the first point at 
which a signal is injected. This procedure divides the receiver into two 
sections, a-f and r-f. An audio-frequency signal is injected at the TP because 
all stages following this point are a-f amplifiers. 


Connect a .1 wF capacitor in series with the probe leads of the generator, 
unless you know that the generator has a blocking capacitor in series with its 
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output terminal. This capacitor prevents changing the dc voltages in the 
circuit under test. Connect the generator ground lead to a ground point in the 
receiver, such as the chassis. 


Figure 1 


Set R,; to maximum, and set the signal generator for a low-level output. 
When the signal generator does not provide for control of the a-f output 
level, you may have to construct an external attenuator. 


With the generator probe touched to the TP, a normal audio tone produced 
by the speaker indicates that the a-f section is in good condition, and the 
trouble lies ahead of the volume control. Abnormal or no sound in the 
speaker indicates trouble in the a-f section. 


The faulty stage can be isolated by injecting test signals at points between 
stages in the suspected section. For example, if the a-f section is indicated to 
be faulty by the check at the TP, touch the generator probe to a point 
between the a-f amplifier and a-f output stage. The collector_of 


ivers. In tube receivers, touch the probe to the grid 


“of the output tube. If a normaiso iSnow produced, the trouble is in the 


first audio stage. If not, the defect is between this point and the speaker. 


If normal output is obtained when a signal is injected at the TP, yet the 
receiver does not produce an output when tuned to a radio station, look for 
trouble in the r-f and i-f sections. Set an r-f signal generator to the i-f 
frequency of the receiver and use a modulated signal. With the receiver 
volume on full, inject a low-level signal at the output or input of each stage in 
the i-f section, including the converter. Work from the detector toward the 
front end of the receiver. If a normal sound is produced, all stages following 
the test point are in good condition. 


Adjust the generator whenever necessary to keep the speaker sound output 
at a low level. This is to prevent overloading and false indications. When you 
reach a point at which the output becomes abnormal, you can assume that 
the trouble lies between this point and the last previous test point which 
resulted in normal output. 
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If the i-f section is good, inject a signal into the r-f section. Again using a 
modulated test signal, set both the receiver and signal generator to the same 
frequency in the broadcast band at some point between stations to prevent 
false indications. Inject the signal first at the r-f amplifier output (or 
converter input), and then at the antenna terminals. As before, abnormal 
sound output indicates a defect in the stage immediately following the test 
point. 


Dynamic testing has the advantage that, with the fault isolated to ion or 


_a single stage, further tests need be made in only this section or stage. You 


‘do not waste time making tests in circuits that are not “defective. Also, 
dynamic testing checks the faulty unit under actual operating conditions. 
This 1s impor “because a stage may Carry the proper dc currents, yet it 
Se eee Pendle signalfproperly. We 


It is often difficult to feed test signals into low impedance transistor circuits 
from r-f generators with high impedance outputs. The amount of signal may 
not be strong enough to give a meaningful output indication. A coupling « coil 


can be used to i inject r-f signal into transistor gear. Just Smumect the signal 
generator output Bree aero place the coil close to the unit. This 
injects the signal into more than one stage at a time, but is useful in checking 
Overall operation of the i-f and r-f sections. 


Conversely, signals sometimes pass through a transistor stage even when the 
stage is not operating: Cause of the “feedthrough” characteristics 
of transistors. It takes experience with these circuits to avoid being confused 
by these actions. You can practice with a variety of receivers in good 


condition to learn what results to expect with normal circuits. 


A type of generator called a noise generator or signal injector has been 

a ing injection tests. Generally, this consists of 
an RC oscillator, such as a multivibrator, that produces a fundamental 
frequency in the audio range. The waveform is such that the output contains 
harmonics that extend through the a-f, i-f and r-f ranges. Therefore, the 
output contains frequency components that can serve as test signals in any 
of the receiver circuits. 


| injector has the advantage of s because you can inject test 


“signals ut selecting test frequencies. 
Limitations are that it cannot be used for alignment and it offen has a hig 
impedance output which, as mentioned, makes injection somewhat difficult 
in transistor equipment. 
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This r-f generator can provide both amplitude- and fre- 
quency-modulated test signals for servicing both AM and FM 
receivers. 


Courtesy Hickok Electrical 
Instrument Co. 


Signal Tracing 


Another dynamic testing method is called SIGNAL TRACING. With this 
method the test signal is the signal normally handled by the unit under test. > 
<With a Tadio TECEIVET, VOU Use The Siena from a station oracienal eenerator, 
For a sound system, you can use the signal received by a tuner, or a signal 
produced by a phono pickup or tape playback head. The method consists of 
setting the unit to receive or accept one of these signals, connecting the 


signal source to the unit and touching the probe of an indicating instrument 
to various test points to determine the signal at each point. The indicating 
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instrument may be an oscilloscope, an electronic ac voltmeter or a device 
called a signal tracer which is especially designed for this purpose. Again, 
practice with properly operating units is recommended to gain experience in 
what to expect in a normal unit. 


Signal tracers are of two general types. One type is simply an audio amplifier 
with a detector probe. The other is a tuned radio-frequency (TRF) radio 


‘Feceiver. Both types employ speakers as indicators. Also, more elaborate 

~ testing devices are available. One such unit includes a receiver circuit for 
signal tracing as well as r-f and a-f generators for use in signal injection tests. 
Study the operating manual for the tracer carefully. As with other test 
instruments, it can be used with speed and success only when its operation is 
understood. 


GENERATOR 


OR 
TRACER 
Figure 2 


For convenience, Figure 1 has been duplicated and labeled as Figure 2. To 
illustrate the techniques of signal tracing, refer to the receiver of Figure 2. 
Connect the signal tracer ground lead to a ground point in the receiver. Set 
the receiver volume control to maximum. Tune the receiver to a station if 
any signals can be received. If not, touch the tracer probe to a test point in 
the front end of the receiver, and tune the receiver until the tracer indicates a 
signal is being received. 


With the station tuned in, touch the tracer probe to the volume control, TP, 
in Figure 2. Because this section of the receiver follows the detector, a-f 
signals should be present at this point. Thus, an r-f detector is not required in 
the signal tracer to check the a-f section. As previously mentioned, this 
control is a convenient point at which to divide the receiver into two 
sections. 


If a normal signal is produced in the tracer speaker with the test probe at this 
point, you can assume that the r-f and i-f sections are operating properly. 
The trouble is in the a-f section. Move the test probe to a point between the 
first a-f amplifier and the next stage. If a normal signal is not obtained, the 
trouble is in the first a-f amplifier. If the signal is normal, the trouble is in a 
following stage or the speaker. 


Returning to the check at TP in Figure 2, if you do not find a normal signal 
here, the trouble is in the i-f or r-f sections. Begin at the antenna terminals 
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CONV 


and work toward the volume control, checking between successive stages as 
you go. When you reach a point at which the signal is not normal, the defect 
lies between this point and the previous point where the signal was normal. 


Signal injection testing and signal tracin 


ctions, In 


generat; with signal injection, you are seeking to learn how far ahead of the 
Speaker cuts aren god condion. Yau ines afar svezesse 
pormiss moving “om the spee er toward the front end of the receiv 
signal tracing, you are check re checking to see how far the received signal can travel 
through the receiver from the’ antenna before it reaches before it reaches a » defective einen 


You pick successive check points that move from the front end toward th the 
that move from the 


speaker. Gu i. 


es 


In dynamic testing, you must be sure that the test instrument is set properly 
for the section of the receiver you are testing. That is, for signal injection, 
the signal generator must be set to provide either an a-f or a modulated r-f or 
i-f signal, as needed. A signal tracer must be set to pick up either the carrier 
signal of the station being received, the i-f signal or an a-f signal. 


An oscilloscope can be employed as the indicator in signal tracing. Using a 
low-capacitance test probe, you use the scope in the same general manner as 
described for other signal tracers. The main difference is that the indication 
is a visual pattern on the scope screen instead of sound from the tracer 
speaker. 


ST LF 2ND L-F ISTA-F OUTPUT 


Q 
T6 7 
Qa Q3 
at” AY TP3 Q4 Soin 
| 
T4 Ts Ra HK N at 
6 = 


Figure 3 


A partial diagram of a transistor receiver is shown in Figure 3. A number of 
commonly used test points are indicated as TP1, TP2, and so on. TP1 is the 
stator connection of tuning capacitor C, and the ungrounded end of the 
ferrite antenna, T,. TP2 is the top end of oscillator coil T,. TP3 is the top 
end of volume control R,. TP4 is a terminal of the earphone jack. Other test 
points can be used, but these four yield a good amount of useful information. 


Figure 4 shows a partial chassis layout of the circuit of Figure 3. The test 
points of Figure 3 are labeled in Figure 4. 
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Figure 4 


To check the signal at TP1 in Figures 3 and 4, rotate the receiver to the 


position that provides maximum pickup from the strongest local station. Set 


the tuning dial to a point slightly above the station frequency. This setting 
offsets the capacitance added by touching the test probe across the antenna 
tank For stations around 1200 kHz, set the dial near 1400 kHz. For stations 
around 900 kHz, set the dial to about 1100 kHz. For stations with lower 
carrier frequencies, set the dial only slightly above the respective assigned 


frequencies. 


With a scope ground lead connected to a convenient ground point in the 
receiver, and low-capacitance probe connected at TP1, the scope pattern 
displayed should resemble that of Figure 5. This is the modulated carrier 
wave and is obtained because the low-capacitance probe does not demodu- 
late the carrier. A detector probe used here would show the pattern of the 
modulation signal. However, this signal is very weak at this point and would 
be very small and hard to see. It is the presence and strength of the carrier 
wave that is of interest here. Therefore, it is best to use the low-capacitance 
probe for this check. 
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Figure 5 


The normal signal amplitude at TP1 varies with receivers and station signal 
strengths. Typical values range between .1 and .3 volt peak-to-peak with 
small ferrite antennas, and up to about half a volt with larger antennas of this 
type. You can check various working receivers to set up standards for the 
area in which you are working. 


Figure 6 


Touching the scope low-capacitance probe to TP2 should produce the 
pattern of Figure 6. Because this is the r-f voltage generated in oscillator 
tank T,, it is not modulated. Typical amplitudes of this voltage range from 
about .8 to about 1.5 volts peak-to-peak. Small transistorized radios may 
produce oscillator outputs as low as .1 volt. If you increase the scope 
horizontal sweep frequency until it is approximately one-fifth that of the 
receiver oscillator, the pattern on the screen should have the general 
appearance of that shown in Figure 7. 
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Figure 7 


In a transistor radio, the waveform of the r-f voltage produced in the 
oscillator tank is important. Unless it is a pure sinewave, it may cause chirps 
and parasitic oscillations when the tuning dial is between stations and very 
near stations. Sometimes this is caused by a replacement converter transis- 
tor which has a higher gain than the original. 


If the collectors of i-f amplifier transistors Q, and Q; are employed as test 
points, the scope patterns obtained should look like that of Figure 5. These 
are modulated i-f carrier signals. As before, check the amplitudes at these 
points in working receivers to set up standards. 


Figure 8 


With the receiver positioned for maximum pickup of the strongest local 
station, touch the low-capacitance probe to TP3. The signal at this point is 
the demodulated output of detector D,. Therefore, it should have the general 
appearance of Figure 8. Normal signal amplitudes at this point range from .3 
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ELECTRONIC 
VOLTMETER 


Figure 
9 


easily located test point. You can check both the jack and the speaker by 


to .S volt peak-to-peak. If the signal is normal here, it indicates that the r-f 
and i-f circuits are operating properly. 


The speak: er_and-earphone Teq ' =s_of trouble in portable 
sitdictted as TP4 in Figures 3 and 4. the earphone jack is an 


touching your low-capacitance scope to this point. You should find a signal 
like that of Figure 8 with an amplitude of about 1 volt. 


Voltage Testing 


With no signal applied to the unit under test, , voltages can be measured at 
various points in the circuit. This is a static testing m method. The unit is 
turned on and because there is no signal input, the unit is said to be in a static 
condition. . Generally, voltage tests are performed only in the section or stage 


indicated licated by y dynamic tests to be faulty. ST + a 


Manufacturers’ service data and other service literature give the normal 
voltages at various points in the circuit with no signal applied. Most of these 
points are the transistor connections or tube socket lugs. You can check 
your voltmeter readings against these published values. Most defects cause 
the voltage to be abnormal at one or more points. Thus, any abnormal 
voltage you find leads you toward the defect. 


Figure 9 shows a voltmeter connected to measure the voltage between the 
emitter of transistor Q, and ground. The indicated voltages are the values 
given in the service manual of a typical radio receiver. In this example, the 
receiver power supply applies +1.4 volts to the lower end of R, and —9.8 
volts to the tap on the T, primary, as indicated. 


Under normal operating conditions, there is a voltage of 1.26 volts across 
emitter resistor R, in this circuit. The voltage at the emitter is 1.4 — 1.26 or 
+.14 volt, as indicated. To measure this voltage, you would connect the 
positive meter prod to the emitter of Q, and the common or negative prod to 
ground, as shown. Service manuals usually state that all voltages Chae 
measured with respect to ground. 


A very low meter range should be used to measure this low emitter voltage. 
However, make an initial check with a higher range. If Q, is conducting 
less-than-normal emitter current caused by some defect, the voltage across 
R, is reduced. The emitter potential is then nearer or equal to the potential at 
the source end of the emitter resistor. For instance, if there is no emitter 
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current, there is no voltage across R,. The emitter is then at the potential of 
the source, which is 1.4 volts in this example. 


To help you locate the test points on a printed circuit board, most service 
manuals contain photos or drawings of the board with various points 
labeled. A part of the printed circuit board for the receiver that contains the 

circuit of Figure 9 is shown in Figure 10. Figure 10 shows the wiring side of io BOARD 
the board, and labels C, B and E indicate the collector, base and emitter = 
connection points of transistor Q,. To measure the Q, emitter voltage, one Figure 
meter prod is touched to point E and the other to the area indicated by the 10 
ground symbol in Figure 10. 


As previously mentioned, a defect is indicated when a measured voltage is 
far above or below the value given in the service manual for that unit. The 
measured voltage is seldom exactly equal to the value in the manual. You 
must decide when it is too far off. 


This portable volt-ohm-milliammeter is handy for service 
calls because it requires no outside power source. 
Courtesy Radio Corporation of America 
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A service manual gives average values obtained by measuring the voltage at 
each point in a large number of units of the same model. These values are 
called nominal values. Almost always, the voltage at a given point in the unit 
you are troubleshooting will be a little higher or lower than the nominal 
value, even though the operation is perfectly normal. Unless otherwise 
stated, consider a measured voltage to be normal if it is within plus or minus 
20% of the pu ominal value. 7a Al! ee ee ee 


Usually, the published valu d ona specified power line voltage, 
stich as 117 v | battery voltage. If a line or battery voltage, 


higher or lower, is applied to the receiver under test, you must make 
allowances for the resulting changes in the measured voltages. 


Current Measurement 


Measurement of the total battery current is often useful when troubleshoot- 
ing transistorized units. It is made by placing a milliammeter in series with 
the battery. This measurement can be used to check the condition of the 
battery, and can often provide an indication of the overall condition of the 
receiver. 


For example, if the total current is larger than normal, it is probable that a 
short exists in some circuit, or a transistor is drawing too much current. If 
the total current is less than normal, the current is probably too low or zero 
in some transistor. 


Probably the most convenient means of measuring current in a portable 
transistor circuit is to use a de power supply. Such a unit should have a 
variable voltage output (usually about 1-30 volts) and meters measuring 
voltage and current. Some units may use one meter that can be switch- 
selected for both current and voltage measurements. Current drawn by 
the circuit can now be conveniently measured, while proper voltage is 
maintained. 


Generally, only the output stage in transistor equipment carries enough 
collector current to produce a noticeable change in total battery current 
when it is defective. To check for changes in the collector currents of other 
stages, Ohm’s Law can be used becalSe itis difficult to insert a current. meter 


in series with the transistor. mitter current will be measured indirectly 
because it is nearly the same as collector current. First, measure the voltage 


across the emitter resistor. Then, divide this value | e emitter resistance 
to obtain the current. The cu ained is close enough for most 


purposes. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


11. 


BASIC TROUBLESHOOTING PROCEDURE 


TESTING METHODS 


SIGNAL INJECTION 


SIGNAL TRACING 


VOLTAGE TESTING 


. List the five major troubleshooting steps and the order in which they are 


performed. 


. Name the two types of dynamic tests. 
. Give three examples of static tests. 


. In Figure 1, an audio signal injected at the ungrounded end of the volume 


control does not produce a sound in the speaker. However, a signal 
injected at the input of the a-f output stage does produce a sound in the 
speaker. In what stage would you suspect trouble? 


. What type of signal is used for signal injection tests in the i-f section? 


. In Figure 1, a modulated r-f signal applied to the converter input produces 


an audible tone in the speaker, but there is no sound when the signal is 
applied to the input of the r-f amplifier. Where is the trouble likely to be 
found? 


. A dynamic test is often more reliable than a static test because it checks the 


faulty unit under operating conditions. True or False? 


. How does signal tracing differ from signal injection? 


. In signal tracing the receiver of Figure 2, if you do not receive a normal 


signal at TP, the trouble is probably in the audio amplifier. True or False? 


In troubleshooting a radio receiver, signal tracing checks the circuits 
between the antenna and the test point, whereas signal substitution checks 
the circuits between the test point and the speaker. True or False? 


Why is the receiver tuned slightly above the station frequency in making 
the signal test in the antenna circuit? 
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12. 


13. 


14. 


LS; 


16. 


The scope pattern obtained in the oscillator tank circuit should contain the 
modulation of the incoming carrier signal. True or False? 


The i-f signal of a receiver is a modulated wave. True or False? 


A demodulator probe must be used to view the waveform at TP3 of Figure 
3. True or False? 


Why is it advisable to make preliminary voltage measurements on a higher 
voltage range, even though the manufacturer’s service manual shows that 
the voltage at a given point is relatively low? 


Unless otherwise stated, a measured voltage is considered normal if it is 
within 20% of the value specified by the manufacturer of the equipment. 
True or False? 
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This regulated power supply allows the user to observe circuit 
current drain. 
Courtesy Heath Company 


Using the circuit of Figure 9 as an example of indirect current measurement, 
assume that the measured voltage at the bottom end of R, is 1.35 volts, and 
that the Q, emitter is .15 volt. Also, assume that R, is a 1000-ohm resistor. To 
determine the voltage across R,, subtract .15 from 1.35 to obtain the 1.2 
volts. Divide this value by the resistance of R, to obtain the emitter current: 
1.2 + 1000 = .0012 ampere or 1.2 mA. This is approximately the collector 
current. 


Emitter and collector currents of around 1 mA are normal for transistor 
receiver stages other than the output stage. Some circuits contain a resistor 
in the collector circuit. You can then compute the collector current by 
dividing the voltage across this resistor by its resistance. 


Like voltage testing, current measurement is a type of static test. Also, 
except for the check of the total current, most current tests are made only 
after a dynamic test has localized the fault to a section or a single stage. 
Current measurement is generally employed only when previous voltage 
tests have not shown definitely where the trouble is located. 


Resistance Measurement 


mic tests indicate the faulty section or stage. Voltage tests isolate the 
e toa he faulty stage sometimes indicate a 


cera. componentas he cause of he rahe, However, a_ a resistance test is 
often the only positive check of the suspected com component. (ares 
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Even when other tests have indicated quite definitely that a particular circuit 
component is defective, it is usually best to confirm your suspicions by 
making a resistance test before replacing the unit. This is necessary because 
many circuit components look good even when they are defective. 


When you suspect that a component is shorted or open or has changed value 
radically, check the resistance of that component. Turn the power switch to 
the off position. Touch your ohmmeter test prods to the terminals of the 
component. Compare your resistance reading with the value given in the 
service manual. The reading should be within +20% of the value listed in the 
manual. 


Before making a measurement of this kind, check the circuit diagram to see 
if there are any paths in parallel with the component to be measured. Unless 
all such paths have a high resistance compared to that of the component 
under test, disconnect one lead of the component from the circuit. Measure 
the resistance with the component disconnected. If you then obtain an 
abnormal resistance reading, you can assume the component to be faulty. 


In transistor circuits, the transistors often provide paths for ohmmeter 
current when the test prods are applied to measure other components in the 
circuit. When this condition exists, it is not possible to measure the 
resistance of the other component separately. Exceptions are those units in 
which the transistors are in sockets and can be removed for making 
resistance measurements. Transistors are usually wired into the circuit and 
cannot be removed unless you unsolder them. It is easier and better to 
disconnect a lead of the component you want to measure. 


The service literature for transistorized units often does not list resistances 
from point to point as does the service literature for the tube equipment. 
This is because of the wide variations in the internal resistances of the 
transistors. In addition, you cannot measure the resistance in the circuit of 
one transistor electrode without including the parallel resistances of one or 
both circuits of the other two electrodes. 


For tube equipment, the service manuals give resistance values that should 
be obtained when measuring from tube socket terminals to other specified 
points. For the cathode, control grid, suppressor grid, heater and diode 
plates, the resistance values are generally given from the tube socket lugs to 
ground. For the screen grid and plate, the resistances listed are often those 
from the socket lugs to the cathode of the rectifier in the power supply. 


Except for the heater, the electrodes of a tube do not provide conductive 
paths through the tube. For example, with one ohmmeter test prod touched 
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to the cathode socket lug, and the other to ground, only the resistance in the 
cathode circuit is measured. Thati it is shorted, a tube does not 
affect the resi i circuits of the various electrodes. Therefore, 


the se > Tesistanees-can-be measured independentlhy-of-each-other. 


If a resistance measurement results in an abnormally high reading, the 
suspected component is almost certainly the cause. However, before 
replacing it, check for high resistance connections between its leads and the 
points at which it connects into the circuit. 


Conversely, if the resistance reading is abnormally low, the fault could lie in 
either the suspected component or a parallel path. Disconnect one of the 
component’s leads and remeasure its resistance. Finally, when you have 
decided that a component is faulty and have removed it, give it a final 
out-of-circuit resistance check before you install a replacement part. 


Continuity Testing 


CONT TY TESTING is a resistance measurement. As used 
here, continuity means a continuous or unbroken path for dc. That is, a 
circuit or component has continuity if it will conduct direct current. For 
example, a normal resistor, coil, connecting lead or soldered joint should 
have continuity. 


An ohmmeter is generally used for continuity testing. However, you can use 
er aoe CaneAT aoa Tone type of indicating 
device, such as a lamp. Touch the test leads to opposite ends of the 
component, circuit or connecting point to be checked. When making this 
type of test, you have little or no interest in the exact amount of resistance 


between the test points. The nature of the circuit between the points 
determines whether or not there should be continuity between them. 


Part Substitution 


Substituti other co sed testing method. It consists 


of replacing a suspected component with one known to be good, and 
observing the results of the replacement. If the unit operates properly with 
the substitute part, it is logical to assume that the original is defective. 


Tube or transistor checking by replacement is one form of this type of 


testing. Part substitutien monly referred to as either dynamic or 


static testing, but it can_be used along with either procedure. 


a 
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Figure 
11 
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This substitution box is a handy addition to the service 
bench. Various values of resistors and capacitors can be 
substituted into a circuit during troubleshooting. 

Courtesy Sencore Inc. 


In some situations, a replacement part may-be-merely-held-so that its leads 
touch these-of the suspected component. This places the two components i in 

parallel. The good part is said to be “bridged” across the suspected part. ~ 
With the suspected Gamiponent TUS Undead vem can turn the power on and 
observe whether or not there is an improvement in operation. If there is, the 


component you are bridging is defective. 


Bridging is particularly useful in locating open components. Where it is not 
convenient or desirable to hold the bridging component in place, you can 
connect it temporarily by clipping or soldering it across the suspected unit. 
Always consider whether a shock hazard may exist by holding the com- 
ponent. 


Open Connections 


Sometimes useful information can be gained by simply openin nec- 
tion at one of the points at Which a component connects to the eircuit. Turn 
the power on with the connection opened, and observe whether or not the 
operation is improved. If it is, you can assume that the disconnected 
component is probably defective. For example, if operation improves after 
you disconnect one of the leads of capacitor C, in Figure 11, it is likely that 
this capacitor is leaky or completely shorted. 
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FAULTY STAGE 


Preliminary troubleshooting tests, often dynamic-type tests, isolate the 


trouble to a particular section or stage of the faulty unit. Further tests are 
required to find out which circuit in this stage contains the defect. Static 
tests of operating voltages are most useful here. 


Figure 11 shows the second i-f amplifier stage of a typical broadcast radio 
receiver. The receiver is powered by a 9-volt battery, and the voltages 
indicated in this figure are the normal no-signal values. The positive terminal 
of the battery is grounded. In series with the negative terminal of the battery, 
a decoupling resistor drops the supply voltage to —8.5 volts. 


In this stage, resistors R, and R, form a voltage divider, and their junction 
provides the potential of —1.22 volts to bias the base of Q,. R; carries the 
emitter current, and the voltage across this resistor is 1 volt. This provides 
the emitter with a potential of —1 volt with respect to ground. Finally, the Q, 
collector has a normal potential of —8.5 volts, supplied through the upper 
portion of the T, primary winding. 


Let’s examine how the voltages in the circuit change when various defects 
occur. Assume that the circuit voltages change to those shown in Figure 12. 
In this example, both the emitter and base voltages are nearly zero. This 
condition results from an open in the base circuit such that the transistor 
base is no longer connected to the junction of R, and R,. An open in the T, 
secondary winding would produce this condition. 


With the normal bias removed from the base, the regular conduction of the 
transistor is cut off. However, there is still a very small leakage current 
through Q, from collector to emitter. This leakage current results in a small 
voltage across R;, amounting to .04 volt in this example. Also, a small 
voltage exists across the emitter junction. It makes the base .03 volt more 
negative than the emitter, and thus serves as a small forward bias. However, 
this self bias is so small that the transistor is considered to be cut off. 


The base voltage change is not always as great as in Figure 12 when the base 
circuit opens. For example, Figure 13 shows another possible set of voltage 
conditions when there is an open between the Q, base and the source of 
normal base bias. The actual circuit defect is identical to that of Figure 12. 
However, as indicated in Figure 13, the base and emitter voltage decrease is 
not as great. The important fact is that they are BOTH lower than normal. In 
addition, the difference between the two is not as great as normal. 
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Figure 
13 
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-8,5V 


Figure 
12 


Other possible causes of abnormal voltage and current conditions are 
changes in resistance of R, or Ro, a partially shorted emitterjunction in Q,, 


normal, yet the conditions of Figure 13 exist, you can be fairly certain that 
there is an open between this point and the Q, base, as indicated. If the 
voltage at the R,R, junction is not normal, one of the other possible defects 
mentioned may exist. 


The small differences between normal and abnormal voltages in these 
examples show that it is important to employ low ranges on your voltmeter 
and to read the meter scales carefully. In addition to the correct value, the 
base-emitter voltage must have the proper polarity for normal operation. 
With respect to the emitter, the base must be negative in a PNP transistor 
and positive in an NPN transistor. 


In Figure 14, the collector and base voltages have the normal values given in 
Figure 11, but the emitter potential has changed a small amount and now is 
the same as that of the base. In this example, the emitter has become more 
negative by —.22 volt, the amount of the normal base-emitter bias. This 
condition results from an open in the emitter circuit as indicated in the 
figure. This open disconnects the emitter from the external circuit so that, 
electrically, it is “floating.” Inside the transistor, the emitter connects 
physically to the base. Therefore, the emitter assumes the potential of the 
base, as indicated. 


Figure 15 shows that a drastic change occurs in the collector voltage when 
the collector circuit opens. In this example, the collector voltage has 
changed from the normal value of —8.5 volts to the indicated —.9 volt. The 
base voltage is changed a small amount, and the emitter voltage is reduced to 
half its normal value in this example. 


With the collector circuit open, there is no collector current. Therefore, the 
only current in emitter resistor R; is the base-emitter current. Normally, this 
current is very small. However, with reduced current in R;, the voltage 
across this resistor reduces. This change makes the emitter less negative, 
thus increasing the forward bias between the base and emitter. As a result, 
base-emitter current increases somewhat. This increases the voltages across 
R, and R;. The larger voltage across R, makes the base a little less negative 
than normal, as indicated. Also, the larger voltage across R, makes the 
emitter more negative than it would be if R; were carrying only the normal 
base-emitter current. 


Thus, although the loss of collector current causes the base-emitter forward 
bias to increase as mentioned, this bias increase is limited by the opposing 
effect of the increased voltages across R, and R;. As a result, the base and 
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emitter voltages change until a stable condition is reached. In this example, 
the base voltage has reduced to —.9 volt and the emitter voltage to —.5 volt, 
as indicated. Because the collector is floating in this example, it assumes the 
potential of the base, and therefore is —.9 volt also. 


In various circuits, the direction and amount of the change produced by an 
open depends on the circuit design. However, the same general actions are 
produced by each type of trouble. Thus, knowing what these actions are, 
you can determine the probable trouble by comparing your measured values 
with the normal values. 


: can suspect an open in the base circuit when the voltage 
cross the itter resistor indicates that_the collector-emitter_current_is 
arial lo the collector voltage normal. The base potential : may be 


SclnS alraths © Slaa lartone Remea 
anywhere from nearly normal rmal. An open in the emitter 
circuit is indicated when the base potential is normal but the emitter has the 
same potential as t Finally, an abnormally low collector \ voltage and 


a smaller-than-normal voltage across t itter resistor indicates an open 
in the collector circuit. mh hi 
EE COMES TOL CINCUIL.. > 


The one voltage which becomes abnormal in every instance is the emitter 


‘voltage--Fherefore, this voltage usually is one of the first to be checked i ina 


faulty stage. As previously mentioned, the voltage across the emitter resistor 
is abnormally low if either the base or collector circuit is open. Here, you are 
concerned with the difference of potential between the two “ends 0 s of the 
emitter resistor, whether one end of this resistor is grounded or not. ot. When. 
the emitter circuit is open, the emitter voltage is the same as the base 
voltage. In other words, there is no difference of potential between the 
emitter and base. Also, there is no voltage at all across the emitter resistor 


because emitter current is zero. 


Usually, defects within a transistor cause voltages to change. For example, 
Figure 16 shows the results of an open base lead inside the transistor. As the Figure 
external base circuit is not open, a “base voltage’’ measurement gives a 16 
normal reading. However, because of the open, the base current is zero. Asa 
result, the only current in the collector and emitter circuits is the collector- 
emitter leakage current. Therefore, the voltage across emitter resistor R; is 
lower than normal. In the example of Figure 16 this change has reduced the 
potential at the emitter to —.S volt, while the measured “base voltage” 
appears to be normal. 


As another example, a typical change in the emitter voltage caused by a 
leaky transistor is shown in Figure 17. Here, R; represents an undesired 
leakage path between the collector and emitter of Q,. As this path shunts the 


transistor, the leakage current electrons move from the collector to the Figure 
emitter without being affected by the transistor junctions. This current is LZ, 
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Figure 
20 


also carried by the external collector and emitter circuits. It therefore 
increases the voltage across emitter resistor R3. 


Assume that the voltage change makes the emitter 2 volts negative with 
respect to ground, as shown in Figure 17. With this emitter potential, the 
base-emitter junction of Q, is reverse biased. Reverse bias on this junction 
normally cuts off the transistor. Because the measured emitter voltage 
indicates excessive emitter current instead of zero emitter current, you have 
reason to suspect a defect within the transistor. 


With the troubles shown in Figures 16 and 17, the measured base and 
collector voltages are normal. However, the trouble causes the emitter 
voltage to be abnormal in both examples, just as do all three of the open 
external circuits described previously. 


In the circuit employed for these examples, the voltages are normal when 
they are reasonably near the values given in Figure 11. As previously 
mentioned, the battery has its positive terminal connected to ground in the 
typical receiver from which this circuit is taken. Therefore, as shown, the 
emitter, base and collector voltages are all negative with respect to ground. 
Also, when they are normal, the emitter voltage is the lowest, the base 
voltage is slightly greater, and the collector voltage is the highest. 


These three voltages can have the same order of magnitude when Q, is an 
NPN transistor, if the negative terminal of the battery is grounded. This 
arrangement is shown in Figure 18. Here, the supply voltage of +8.5 volts is 
obtained through a decoupling resistor that is connected to the positive 
terminal of the battery. As compared with the transistor voltages in Figure 
11, those in Figure 18 have the opposite polarity, although their respective 
magnitudes are the same. 


Figure 19 shows another commonly used circuit arrangement. Here, Q, is a 
PNP transistor, but the negative terminal of the receiver battery is grounded. 
This results in the transistor voltages having the reverse order of magnitude. 
That is, the emitter voltage is now the highest, the base voltage is slightly 
lower, and the collector voltage is the lowest (zero in this example). 


Figure 20 shows the same arrangement with an NPN transistor. In this 
circuit the positive terminal of the battery is grounded. Thus, the three 
transistor voltages have the same order of magnitude as in Figure 19, but 
opposite polarities. 


Because all of these various circuit arrangements are in common use, it is 
important to check the voltage values and polarities given in the service 
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manual for each make and model. If you do not have the data available, 
study the circuit carefully. Find which transistor elements return to ground, 
which battery terminal is grounded, and so on. An attempt to trouble- 
shoot the circuit of Figure 19 by assuming the normal voltages of Figure 
11, for example, would lead to confusion with regard to the cause of the 
trouble. 


However, when you are aware of the normal voltage conditions in the unit 
you are servicing, the analysis used for the circuit of Figure 11 can be 
applied to any of the other circuit arrangements to find the cause of trouble. 
For example, a trouble that results in an abnormally low emitter current 
makes the voltage across the emitter resistor lower than normal, regardless 
of the transistor type or which terminal of the battery is connected to 
ground. 


PRINTED CIRCUIT SERVICING 


The most common construction method in modern electronic systems 
employs printed circuit boards for mounting and connecting circuit com- 
ponents. The nature of the printed boards makes it necessary to employ 
certain techniques to service the equipment in which they are used. 


For example, on many boards, the components are mounted on one side 
while the copper foil connections between them are on the other side. In 
some instances, components are mounted on both sides. To find out how the 
components are connected, you must be able to locate the components and 
the connecting points. Also, you must be able to locate the various key test 
points in the circuit in order to troubleshoot the receiver or other faulty unit. 
This procedure was touched upon previously in connection with Figures 9 
and 10. 


As aids to troubleshooting, manufacturers’ data usually include a schematic 
diagram and one or more pictorial views of the printed circuit board. These 
views identify each component and show its physical location on the board. 
They also show the copper foil connections between the components. 


Figure 21 shows parts of two pictorial views. Figure 21A shows the 
component side of one end of a printed circuit board. As shown, the drawing 
has the wiring side superimposed on the component side. This shows how 
the board would appear if a light were placed underneath it. The wiring side 
of the same board is shown in Figure 21B. In this example, the components 
are superimposed on the wiring side. Their relative positions are reversed 
because the board is turned over. 
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Figure 21 


Figure 22 shows the schematic diagram of the section of the receiver shown 
in Figure 21. Corresponding component designations are used in the 
schematic and pictorial views. Figure 22 shows that the components in 
Figure 21 make up the audio output stage. 


J 


R 


SPKR 


Figure 22 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


1 


18. 


19. 


20. 


21. 


22. 


23. 


25. 


TESTING METHODS 
CURRENT MEASUREMENT 
RESISTANCE MEASUREMENT 
CONTINUITY TESTING 
PART SUBSTITUTION 
OPEN CONNECTIONS 


TROUBLESHOOTING IN THE FAULTY STAGE 


How can you measure current without breaking into the circuit? 


At what point in the troubleshooting sequence would you perform current 
measurements, assuming they are necessary? 


Resistance measurements are made with the circuit power (a) on, (b) off. 


Why is it often necessary to disconnect one end of a component from the 
circuit before measuring the resistance of the component? 


You are troubleshooting the circuit of Figure 9, and you get a very low 
resistance when you connect an ohmmeter across C,. Does this indicate a 
defect in C,, and how can you check further to verify the condition of this 
capacitor? 


What is the purpose of continuity testing? 


An ohmmeter shows zero resistance between the ungrounded end of C, 
and the junction of R, in Figure 9, but infinite resistance between this 
junction and the emitter lead of Q,. What can you conclude from this test? 


. In troubleshooting the circuit of Figure 9, bridging a good capacitor across 


C, causes the circuit to function normally. The probable trouble is (a) a 
short in C,, (b) an open in C,. 


When the base potential of a transistor is normal, but the emitter is at the 
same potential as the base, the trouble is likely to be an open in the (a) 
emitter circuit, (b) base circuit, (c) collector circuit. 
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26. In troubleshooting a defective transistor stage, it is a good idea to make the 
first voltage test at the (a) base, (b) collector, (c) emitter. 


27. Compare the voltages in the NPN transistor circuits of Figures 18 and 20. 
Although the grounding arrangement is different in these two circuits, 
explain how the voltages on the emitter, base and collector are related to 
each other. 


For example, in the schematic diagram, T, is the interstage audio trans- 
former. This unit is shown at the bottom in Figure 21A and at the top in 
Figure 21B. 


Figure 22 shows that the base of Q, connects to one secondary of T, at 
terminal 4, and the base of Q, connects to the other secondary at terminal 5S. 
Figures 21A and 21B both show these connections between terminals 4 and 5 
of T, to the respective bases of Q, and Q,. 


Similar comparisons between Figures 21 and 22 show how the other 
connections are made in this stage. The unit labeled PC, is a packaged 
circuit. It is made up of the seven resistors labeled A through G in Figure 22. 
Inside the unit, these resistors are connected as shown in the schematic. 
External circuit connections are made to the points numbered | through 8. 


In some diagrams, key test points in the circuit are designated in the pictorial 
and schematic diagrams of the unit. As an example, Figure 23 shows the 
schematic diagram of the second i-f amplifier stage in a radio receiver. Three 
key test points are indicated by the boxed numbers 12, 13 and 17. Other test 
points commonly used are the collector, base and emitter of transistor Q,, 
labeled C, B and E in the diagram. Figure 24 shows the corner of the printed 
board in which these test points are located. The six test points are indicated 
by the same numbers and letters used in the schematic. 


This AM/FM stereo receiver employs modular construction. 
The various individual circuits are mounted on individual 
printed circuit boards which, in turn, mount on a main circuit 
board. A defective sub-assembly can be simply replaced with 
a new one. 


Courtesy Electron-Voice 
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Figure 
ZS 


Figure 
24 
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Thus, the diagrams provide well-marked “road maps” for the serviceman. 
By using the photos or drawings of the printed boards along with the 
schematic diagrams, you can locate the various components and test points 
on the boards you are servicing. Usually, most of the components in a given 
stage are located near each other physically. This fact is helpful in tracing a 
printed circuit. 


Often, the printed circuit board is made of a material which permits light to 
shine through it. A common troubleshooting practice is to direct a light 
against one side of the board while viewing the other side. This makes the 
board look like the pictorial drawings of Figures 21 and 24. Using light in this 
way, you can locate junctions on either side of the board. View the 
component side and hold a soldering aid on the other side so that its shadow 
is cast onto the board. Move the tip of the soldering aid to the desired 
junction, and hold it there against the board while you move around so you 
can look at the wiring side to locate the junction. 


WOODEN MOUNTING 
BRACKETS 


With boards of the type shown in Figures 21 and 24, you can usually make 
troubleshooting tests by touching your test prods to component junctions or 
conductors on either side of the board. Needle point test prods are needed to 
penetrate the protective coating of lacquer or varnish that is sprayed on 


DOWEL 


ROD during the manufacture of the printed board. 
SUPPORTS 
PEGBOARD 

BASE 

PRINTED During troubleshooting, the board should be held in a support so that both of 

CIRCUIT BOARD - ‘ 

your hands are free. If you use a vise, be careful not to tighten it too much. 

Figure The vise should only hold the printed board, not crush it. You can use a 

25 homemade jig such as that shown in Figure 25 to hold the board. Here, the 


board is held in brackets supported by dowel rods which are stuck into holes 
in a pegboard base. Commercial jigs are also available. 


INTEGRATED CIRCUIT SERVICING 


It is often easier to troubleshoot radio receivers and other equipment 
— containing integrated circuits than units made up entirely of discrete 
/ (conventional) components. The reason for this is that, when an integrated 
circuit fails, its operation usually changes radically or ceases completely. 


Therefore, when iti ; the test results generally leave little doubt as 


to whether the circuit is good or bad. 


Operation of a circuit to degrade slowly. Eventually, the operation becomes 
poor enough to be noticeable. However, after you have made a number of 
troubleshooting tests, it is sometimes difficult to determine exactly which 
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component is the main cause of the trouble. Transients or excessive voltages 
can damage or destroy transistors or integrated circuits. 


Figure 26 shows the schematic diagram on one type of integrated circuit 
used in radio receivers. As shown, it includes three transistors, two diodes 
and five resistors. Used along with external tuned circuits, capacitors and 
resistors, it can be employed as an r-f amplifier, a mixer-oscillator, or both, 
or as an 1-f amplifier. 


Another typical integrated circuit is shown in Figure 27. This unit contains 
twelve transistors, twelve diodes and thirteen resistors. Along with external 
components connected to its various terminals, it is capable of performing 
several of the functions required by a radio receiver. For example, transis- 
tors Q, through Q, with resistors R, through R, provide i-f amplification. 
Transistors Q,; and Qs, with resistor Rg serve as an i-f limiter. An internal 
power supply circuit is made up of transistors Q, and Qj, resistor R,) and 
diodes D, through D,. The remaining diodes along with resistors R,, and R,» 
make up most of an FM detector circuit. Finally, low-level audio-frequency 
amplification is provided by transistors Q,, and Q,, and resistor R,;. The 
audio output of this stage is taken from terminal 9, and applied to an external 
audio output stage. 


Figure 27 


Both of the above types of integrated circuits are employed in an FM 
broadcast radio receiver, the diagram of which is shown in Figure 28. Except 
for the audio output stage, this diagram includes the complete circuit of the 
receiver. 
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Figure 
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Designated IC, through IC,, four integrated circuits are employed. As 
shown, besides the integrated circuits, the receiver contains only a small 
number of discrete circuit components, as compared with receivers employ- 
ing other construction methods. 


Po 


(4) 
R4 


In the receiver of Figure 28, integrated circuits IC,, IC, and IC; are all of the 
type shown in Figure 26. IC, is the r-f amplifier. IC, operates as the 
mixer-oscillator. IC; serves as an i-f amplifier and limiter. IC, is the type 
shown in Figure 27. It provides the functions of i-f amplifier, limiter, 
detector and first audio stage. 


Figure 28 


The basic troubleshooting procedure outlined at the beginning of this lesson 
can be applied to receivers of this type as well as to other types. After you 
complete your preliminary inspection, employ signal injection or signal 
tracing to isolate the trouble to a section or stage. 


In the receiver of Figure 28, for example, the output of the first audio stage 
can be checked at terminal 9 of IC,. The input to this integrated circuit is 
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applied to terminals 1 and 2. Terminal 11 of IC; is the output of this stage, 
while the input is applied to terminals 1 and 7. The output of the r-f amplifier 
can be checked at terminal 11 of IC,. It should be present at terminal 3 of 
IC,. The r-f voltage across oscillator tank L;Cy can be checked at terminal 10 
of IC,, and so on. 


If a received or injected signal does not pass through an integrated circuit, or 
is abnormal at the output terminals of the circuit, you can suspect that the 
trouble is in the integrated circuit. Check the dc voltages at the pin terminals 
of the integrated circuit. Normal voltage values for each terminal are given 
in the service manuals. 


Before deciding definitely that the integrated circuit is at fault, check all of 
the external components that could cause the abnormal condition. If all such 
components appear to be normal, and all your tests have indicated that the 
trouble could be within the integrated circuit, check further by replacement 
with a new unit of the exact same type. Carefully remove the old unit and 
install a new unit, making sure that you do not damage the printed circuit 
board. 


TRANSISTOR TESTING 


Earlier in this lesson, we mentioned that transistors are usually suspected 
only after checks have indicated the other components to be in good 
condition. In equipment employing integrated circuits, all or most of the 
transistors are included in the integrated circuit structure. As previously 
mentioned, if one of these circuits is found to be defective, the entire unit 
must be replaced. It is of very little interest to the troubleshooter whether a 
transistor or other component inside the integrated circuit is the actual cause 
of the trouble. 


Often, however, the unit employs one or more transistors that are not inside 
an integrated circuit. In this equipment, as well as that which does not 
employ integrated circuits, the transistors are possible suspects when checks 
of the other components do not locate the defects. In the event another test 
seems to indicate that a given transistor is the cause of the trouble, you can 
check this transistor immediately. In such instances, you do not have to wait 
until all of the other components have been checked. However, to avoid 
possible waste of time, this check should be an “‘in-circuit” test if possible. 


An in-circuit test is one in which the suspected is not discon- 


nected or removed from its circuit for testing. When a component is 
ected or removed trom its circuit tor testing 


removed for testing, the check is called an “‘out-of-circuit™ test———_____~ 
ae ie ih SaaS eta eS Lt oS aero 
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In-Circuit Tests 


Certain facts about the electrical condition of a transistor can be learned 
without removing the transistor from the circuit. This saves troubleshooting 
time because the transistor leads are often soldered into the circuit. 
In-circuit checks can be made several ways. Commercial in-circuit transistor 
testers are available. With these, test leads are simply clamped onto the 
leads of the transistor to be checked, without disconnecting it from the 
circuit. One tester of this type employs a bridge circuit, of which one arm 
is formed by the input circuit elements of the transistor under test. Control 
panel adjustments remove the effect of these elements so that the gain 
of the transistor can be measured as though the transistor were out of the 
circuit. 


Indications of transistor condition can be obtained by making in-circuit 
olie capi ineinOhTinTetenaktaire me extrac iramstgee may be considered as 
two diodes connected back to back. We refer to the two junctions as the 
“emitter diode” and the ‘“‘collector diode.’ Each of these junctions presents 
much greater resistance to current in one direction than in the other. You 


can check this difference in resistance with your ohmmeter with the 
transistor in its circuit. 


The best range to use with your particular meter will be found easily by 
experience. Generally speaking, it may be best to start with the R x 100 
range and switch to a lower range when necessary. However, on the R x 1 
range, many ohmmeters have a resistance of only 15 ohms in series with the 
battery. Where the transistor junction resistances are very low, this meter 
range may produce a current large enough to damage the transistor. Also, on 
the R x 10,000 and higher ranges, some ohmmeters switch in a 22.5-volt 
battery. This may prove harmful to a transistor if the resultant voltage 
across a junction is higher than the transistor’s voltage rating. 


Also, do not use the R x 10,000 range on any transistors. 


To perform the transistor “diode” test, turn the unit off and set your 


ohmmeter_to the R_x_100 range. Touch the test prods to the base and — 


collector, as shown by meter M, in Figure 29. Observe the resistance 
reading. Reverse the test prods. Measure the collector junction resistance 


again. One of thes i Id be much higher than the other. Usually, 
itis from 5 to 10 ti ading if the transistor is in 


oe If both readings are too low on the scale to compare easily, 
switch to lower meter ranges until the higher reading is about mid-scale. 
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Figure 29 


e difference between the higher and lower readings 1 reat with the. 


transistor in the circuit as it would-be if the transistor were removed from 
the circuit. The reason is that the transistor junctions are shunted by the 
P2257 LARP Bea) . . . . . 

external circuits. In Figure 29, one such circuit is the path from the Q, base 
through the T, secondary, through resistors R, and R;, and through part of 
the T, primary to the Q, collector. 


To check the emitter junction, touch the test prods to the base and emitter, 
as shown by meter My. Observe the reading, reverse the prods, and measure 
again. Again, one reading will be much higher than the other if the transistor 
is in good condition. This junction is shunted by the T, secondary and R, and 
R, in series. 


Although a PNP transistor is shown in Figure 29, exactly the same procedure 
can be used with NPN types. With either type, the junction resistance 
normally is lowest when the meter battery voltage forward biases the 
junction, and highest when this voltage applies reverse bias. 


In the base of medium-power transistors such as those in the a-f driver 


Stages, you ‘Can use the R x | range if higher ranges make the meter read too 
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the low end This low range can be used with a-f 
amplifier-type transistors because they are able to carry larger currents 
without being damaged. aah 


en 


Generally, no difference in the resistance readings is obtained in the diode or 
junction resistance test if one of the element leads is open inside the 
transistor. In this situation, the reading is equal to the circuit shunt 
resistance in both positions of the test leads. 


When high-power transistors fail , they usually short out completely between 
the collector and emitter. er. Therefore, measurements of the junction Testst- 
ances are “seldom made for the power output transistors. When they are 
made, , the very low circuit resistances result in low resistance readings in 
both positions of the test prods. To measure the junction resistances on 
We transistors, it is often necessary to use the R x | meter ranees ~ 


= ee Se eg ae —-! 


A third in-circuit test that you can make with your ohmmeter is a check of 
the collector-to-emitter Jeakage resistance. You perform this test by con- 
necting the meter as shown by M; in Figure 29. For the most part, this test is 
useful for checking high-power transistors like tl those used in output stages. 
As previously mentioned, tl these units usually short | completely when t they 
fail. If the transistor is in good condition, the ohmmeter indicates a low 
resistance. This reading is obtained because the shunting circuits in high- 
power stages contain only low resistance. However, if the transistor is 
shorted, the reading will be zero. 


A completely shorted condition is rare in transistors that are not high-power 
types. Instead, they open or merely become leaky between the collector and 
emitter. The Teakage resistance is often abo about the same magnitude as s the 
shunting ci 1ces. Therefore, with these transistors, an in-circuit 


collector- mitter leakage test is not very helpful. The shunting circuit 
resistances affect the reading a considerable amount, and in doing so can 
easily cause a good transistor to appear abnormally leaky. Thus, to make a 


collector-emitter leakage test on | any transistor other than ah a high-powertype.. 


it is best to remove the transistor from the circuit. 
pa ee 


Out-of-Circuit Tests 


When any of the in-circuit tests indicate a transistor to be faulty, remove it 
from the circuit for further testing. In this way, you can make certain that 
the transistor is actually the faulty unit before you replace it. The removal 
may be complete or only partial, depending on the testing method to be used. 
If the transistors are mounted in sockets in the unit being repaired, you can 
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remove them easily for checking. In fact, when the transistors are mounted 
in sockets, it may be faster to omit the in-circuit tests and simply make 
out-of-circuit tests. 


Out-of- circuit transistor testing may be performed in a number of ways. Ce 


except for sul substitution with a a “unit known to be good. The transistor tester 
should either permit you to check the characteristics of the unit, or it should 
provide a test circuit that shows whether or not the transistor can operate 
normally. Other testers make a rough “gain check,” or permit you to 
compare the forward and reverse resistances of the junctions, as explained. 
Although they may be more convenient, these simpler testers give no more 
information than you obtain by using an ohmmeter in the manner to be 


explained. 


It is possible that a transistor may short while operating under normal circuit 
voltages and still show “‘good”’ on a (lower voltage) tester. Substitution is the 
most practical way of isolating this problem. 


Generally, a normal transistor continues to operate with essentially the same 
gain and high-frequency cutoff characteristics for the useful life of the 
equipment in which it is employed. Most often, when a transistor fails, the 


failure takes the of a short or aiinternal open which prevents normal — 


operation completely. Thus, the transistor either operates normally or it 
doesn’t operate at all. Therefore, in general service work, it seldom becomes 


necessary tO measure the zal or other operating characteristics of the” 


_transi istor. 


Based on these facts, a testing method has been worked out by one 
manufacturer which checks the ability of a transistor to perform its required 
functions in a typical circuit, without making separate measurements of gain 
and other characteristics. This tester places the transistor in a test audio 
oscillator circuit. The output indicator is a speaker. When the tester’s C, B 
and E leads are clamped onto the collector, base and emitter leads, 
respectively, of a transistor, the transistor becomes the “active” component 
of the test oscillator circuit. 


With this tester, a normal transistor will produce oscillation which is 
indicated by an audible tone in the speaker. A regeneration control can be 
turned to reduce the feedback until oscillation stops. The control setting at 
which oscillation stops gives a rough indication of the gain of the transistor. 
A transistor that will not produce the audible tone at any setting of the 
regeneration control is defective. 
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In most equipment, transistors are soldered into the circuit. These units can 
be removed only by unsoldering their leads from the circuit. Do this very 
carefully so you do not damage the printed circuit board in any way. 


In unsoldering a transistor from a printed circuit board, you are usually 
faced with the problem of unsoldering all three leads at the same time. One 
way to do this is to remove the solder from each connection with a 
desoldering aid. One such aid removes the molten solder by vacuuming it 
into a bulb. 


With the transistor removed from the circuit, check the collector junction 
resistance by touching your ohmmeter prods to the collector and base leads 
as in Figure 29. Then, as before, reverse the prods and measure again. The 


difference between the two resistance readings should be much greater t 


it is for an in-circuit test. Repeat the procedure,-using the base-and emitter 
leads, to compare the forward and back resistances of the emitter junction. 
Again, the difference between the two readings should be much greater than 
in an in-circuit test. 


On the R x 100 range of the meter, the-back resistance of the junctions may 
appear to be nearly infinite. The forward resistances are usually less than 
1500 ohms. Should one of the element leads be open inside the transistor, the 
reading is infinite resistance with both positions of the test prods. An 
internal short will result in a low resistance in both directions. 


This soldering iron includes a desoldering attachment which 
can be used to remove solder from a pc board, simplifying 
component removal. 

Courtesy Enterprise Development Corp. 
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In the same manner, you can check the collector-to-emitter leakage resist- 
ance of low-power type transistors. The resistance reading should be high 


with either position of the test prods. For low-power r-f and i-f transistors, 


the leakage resistance should be greater than 5000 ohms. For the medium- 
power a-f units, a reading of over 500 ohms should be obtained. Normal 
high-power transistors have a collector-to-emitter leakage resistance of 
more than 100 ohms. 


Substitution 


The most reliable type of transistor test is substitution with a unit known to 
be good. The ideal substitute is a transistor of the exact type to be checked. 
However, it is nearly impossible for a service shop to stock all of the many 
types in use. The next best substitute is another type that is practically the 
same as the unit to be checked. Keep a good transistor substitution guide on 
hand to help you find substitutes of this kind quickly. 


Unsolder the suspected transistor from the printed board and solder the 
substitute in its place only if you find this to be absolutely necessary. If the 
substitute does not clear up the trouble, indicating the fault to be elsewhere, 
you may have to resolder the original unit back into place before proceeding 
with further tests. 


Figure 30 shows a method of performing a substitution check without 
unsoldering the original transistor from the board. On the printed wiring side 
of the board, use a knife or razor blade to cut slits in any two of the three 
printed conductors that connect to the transistor terminals. Before cutting 
the slit, scrape the lacquer coating from the conductor in the area where the 
slit is going to be made, as shown in Figure 31A. This makes it easier to 
repair the conductor later. 


With the slits cut, solder the leads of the test transistor to the three 
conductors as shown in Figure 30. Notice that when the two conductors are 
slit, the test transistor leads are connected on the side of the slits away from 
the side that the original transistor is connected. The test transistor is now in 
the circuit in place of the original transistor, although the original transistor 
is still soldered to its connection points on the board. When soldering the test 
transistor to the conductors in this way, use a minimum of solder. This 
process is called “spotting” or “tacking,” and is useful for making substitu- 
tion checks of other components also. 


With the test unit in place, turn on the power. If the trouble is cleared up, a 
replacement is needed. Remove both the test transistor and the original 
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transistor. Repair the slit conductors, and solder a replacement transistor to 
the points to which the original unit was connected. 


The slits can be repaired by applying a drop of solder across them, as in 
Figure 31B. You can also place a short length of jumper wire across the slit 
before soldering. 


Provided suitable substitutes are available, transistor substitution testing is 
very easy when the radio receiver or other unit has its transistors mounted in 
sockets. In these instances, you may find it desirable to check some of the 
transistors at an earlier point in the troubleshooting procedure when the 
troubles are types that are frequently caused by faulty transistors. 


SUMMARY 


The troubleshooting procedure employed by most service technicians can be 
broken down into five basic steps: 


1. Determine the symptom. & 


2. Make initial checks. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


28. 


29. 


30. 


1 TF 


32. 


ke 


34. 


D235 


36. 


Ay 


PRINTED CIRCUIT SERVICING 

INTEGRATED CIRCUIT SERVICING 

TRANSISTOR TESTING 
IN-CIRCUIT TESTS 
OUT-OF-CIRCUIT TESTS 


SUBSTITUTION 


What does the dashed line around part of the circuit in Figure 22 indicate? 


What is the purpose of the numbered squares in the schematic diagram of 
Figure 23 and the pictorial diagram of Figure 24? 


How can a light help you in tracing the circuits on a printed board? 


It is usually far more difficult to troubleshoot radio receivers containing 
integrated circuits than receivers made up entirely of discrete components. 
True or False? 


An integrated circuit contains a number of stages in a sealed unit. How is it 
possible to apply standard test methods to this type? 


When you suspect a transistor of being defective, an (a) in-circuit test is 
desirable, (b) out-of-circuit test is desirable. 


The principal reason for using an in-circuit transistor is to save time. True 
or False? 


Why is the choice of range important when using an ohmmeter for an 
in-circuit transistor test? 


Briefly describe the method of testing a transistor collector junction with 
an ohmmeter. 


When performing an in-circuit test of collector-to-emitter leakage resist- 
ance of a high-power transistor, a low resistance reading indicates a bad 
transistor. True or False? 
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38. Why is it important to exercise great care in unsoldering a transistor from 
a printed circuit board? 


39. What is the most reliable test of a suspected transistor? 


3. Locate the faulty stage. 
4. Locate the faulty circuit. 
5. Find the defect. 


The two general types of testing methods are the dynamic tests and the static 
tests. Dynamic tests show how the signal is affected by the circuits under 
test. The commonly used tests of this type are signal injection and signal 
tracing. Static tests are tests of circuit condition when there is no signal 
applied. These tests include voltage testing, current measurement, resistance 
measurement and continuity testing. 


Other commonly used tests include part substitution and opening connec- 
tions. The frequently employed procedure known as bridging is one form of 
part substitution. 


The nature of the symptom, information obtained in the initial checks, and 
usually some form of dynamic testing all help to locate the faulty section or 
stage. After this, usually one or more static tests are needed to locate the 
faulty circuit. These often indicate the faulty component. The part substitu- 
tion type of check is often performed to determine whether the suspected 
component actually is defective. Normally, transistors and integrated _cir- 
cuits are the last types of eek Soe neHTIS to be Saspes eteetTancientsvend 


excessive voltage may damage or destroy transistors and integrated circuits. 
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IMPORTANT DEFINITIONS 


CONTINUITY TESTING—A form of resistance test in which the circuit is 
tested for a complete dc current path. 


DYNAMIC TEST—A test that consists of observing how a circuit affects a 
signal. 


SIGNAL INJECTION—A dynamic test in which a signal is applied at 
various points throughout a defective unit, and the resultant output of 
the unit is observed. Also called SIGNAL SUBSTITUTION. 

SIGNAL SUBSTITUTION—See SIGNAL INJECTION. 

SIGNAL TRACING—A dynamic test in which the unit receives its normal 
input signal, and the presence, absence or distortion of this signal is 


observed at various points in the unit. 


STATIC TEST—A test of circuit conditions with no signal applied. 
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PRACTICE EXERCISE SOLUTIONS 


. (a) Determine the symptom. 


(b) Make initial checks. 

(c) Locate the faulty stage. 
(d) Locate the faulty circuit. 
(e) Find the defect. 


. Signal injection and signal tracing. 

. Voltage, current and resistance measurements. 

. The trouble must be in the a-f amplifier stage. 

. A modulated signal at the i-f frequency of the receiver. 
. The trouble is most likely in the r-f amplifier stage. 

. True 


. In signal tracing the normal operating signal of the unit under test serves 


as the signal source, and an output indicator is used to test for the signal at 
various points in the unit. In signal injection a test signal is injected into the 
unit and the normal output device of the unit indicates whether or not the 
test signal is being handled properly. 


. False—The trouble must precede TP, which would place it in the r-f or i-f 


circuits. 
True 


This is done to offset the capacitance added to the circuit by the signal 
tracer, which tends to detune the circuit. 


False—The oscillator signal is a constant amplitude, unmodulated signal. 
True 
False—The signal at this point is demodulated by the receiver. 


A circuit defect may cause the voltage to be greater than that listed in the 
service literature. The recommended method is to start with a higher 
range, and then switch down to a lower range when you are sure the 
voltage does not exceed this lower range. 


True 


Measure the voltage across a resistor that carries the current, and then 
apply Ohm’s Law to calculate the current. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


29. 


26. 


27. 


28. 


29. 


30. 


o14 


oes 


Current tests are generally employed after dynamic tests have isolated the 
defective stage, and then only if voltage tests have not shown where the 
trouble is located. 


(b) off. 


One end of a component is disconnected to eliminate parallel current paths 
that would affect the resistance reading. 


The low resistance does not necessarily indicate a defect because C, is in 
parallel with the T, primary, which will normally have a low resistance. 
For an accurate measurement, disconnect one end of C, and recheck the 
resistance between its leads. If the resistance is still low, C, is defective. 


Continuity testing is used to check for a continuous de current path. 


There is a break in the connection between the C,R, junction and the 
emitter of Q,. 


(b) an open in C,.—If C, were shorted it would short out the “bridged” 
capacitor and not restore normal operation. 


(a) emitter circuit. 
(c) emitter. 


The base is more positive (or less negative) than the emitter, and the 
collector is the most positive (or least negative) of the three elements. 


This shows that the components within the dashed line are parts of a 
packaged circuit (PC,). Combinations of resistors and capacitors are often 
made in this manner for printed circuit construction. 


These squares locate key test points in the circuit. 


Shining the light on one side of the board and viewing the board from the 
opposite side will give you an outline of the printed circuit and help you to 
locate various component connections. 


False—Because they usually fail completely or change characteristics 
radically, integrated circuits are often easier to troubleshoot than discrete 
circuits. 


Signals can be applied and outputs measured at various points, such as the 
numbered points in Figures 26 through 28. These are the external 
terminals of the circuit, which are often accessible through a mounting 
socket. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


33. (a) in-circuit test is desirable. 

34. True 

35. The internal voltage source of the ohmmeter may produce enough current 
to damage the transistor. 

36. Connect the test prods to the base and collector terminals of the transistor 
and note the resistance reading. Reverse the prods and again note the 
reading. For a normal junction, one reading should be about 5 to 10 times 
greater than the other. 

37. False—A bad power transistor usually gives a zero resistance reading 
when shorted. 

38. Care must be taken not to overheat the solder area to a point where it will 
damage the transistor or the circuit board. 

39. The most reliable test is substitution with a unit known to be good. 
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1. B-IN THE BASIC TROUBLESHOOTING PROCEDURE, AFTER YOU HAVE FOUND THE FAULTY 
CIRCUIT, THE NEXT STEP IS TO -- FIND THE DEFECT. 

Once you have found the defective stage you can employ voltage and resistance measurements to locate the 
defective component. 

2. B-A TEST THAT PERMITS YOU TO SEE HOW THE SIGNAL IS AFFECTED BY THE CIRCUITS OF 
THE FAULTY UNIT IS CALLED A -- DYNAMIC TEST. 

Dynamic tests involve signal tracing or signal injection to locate the defective stage. 


3. B - WHICH OF THE FOLLOWING IS A STATIC TEST? -- VOLTAGE TESTING, 
Voltage measurement is generally classed as a static test because the measurements are often made under 


no-signal conditions, 


4. D-IN ONE TEST METHOD, YOU INTRODUCE THE SIGNAL FROM A GENERATOR INTO THE FAULTY 
UNIT AND OBSERVE THE RESULTING OUTPUT. THIS METHOD IS KNOWN AS -- SIGNAL INJECTION. 
Signal injection employs a test signal from a suitable generator, whereas signal tracing employs the signal 
normally found in the unit. 


5. C- EMPLOYING THE RECEIVER VOLUME CONTROL AS THE INITIAL TEST POINT -- DIVIDES THE 
RECEIVER INTO TWO SECTIONS. 
The volume control divides the receiver into two sections, audio and i-f/r-f, 


6. B - WHEN A SIGNAL TRACER INDICATES A NORMAL SIGNAL AT THE OUTPUT OF THE FIRST 
AUDIO STAGE IN A RADIO RECEIVER, YET THERE IS NO OUTPUT FROM THE SPEAKER, IT IS 
PROBABLE THAT THE TROUBLE IS IN THE -- OUTPUT STAGE OR SPEAKER. 

When employing signal tracing, the trouble follows the last stage where a normal output is obtained. 


7. C- WHEN MAKING VOLTAGE TESTS, YOU CAN CONSIDER A MEASURED VOLTAGE TO BE NORMAL 
-- IF IT IS WITHIN +20% OF THE LISTED VALUE. 

Unless otherwise indicated, voltage measurements are all right if within +20% of the indicated values. In 
critical circuits the tolerance may not be as great. 


8. B - IF THE SECONDARY WINDING OF Ty IN FIGURE 19 OPENS -- THE EMITTER VOLTAGE WILL 
INCREASE TO NEARLY THE SUPPLY VOLTAGE. 

With the secondary of T; open, base current is zero and only a small cutoff collector current exists. Asa 
result, the voltage drop across the emitter resistor R3 is reduced, increasing the emitter voltage to nearly 
8.5 volts. 


9. B - THE TRANSISTOR ELEMENT VOLTAGE THAT IS AFFECTED BY ALMOST EVERY CIRCUIT 

FAULT OR DEFECT INSIDE THE TRANSISTOR IS THE -- EMITTER VOLTAGE, 

Most circuit defects alter either the base current, collector current or both. Because these currents combine 
to form the emitter current, it is always affected. 


10, B - IF Q, IN FIGURE 20 DEVELOPS A BASE-TO-COLLECTOR SHORT -- THE BASE VOLTAGE WILL 
DROP TO NEAR ZERO, 

A base-to-collector short will drop the base voltage to near zero as the collector is grounded through the 
primary winding of Tp. 
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QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 
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errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


Me 
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LESSON CODE 


Example: An animal that is protected by a shell is the 
3 = (A) dog. (B) turtle. (C) elephant. 
: eee D) ecat: 


UJ 


In the basic troubleshooting procedure, after you have found the faulty circuit, the next step is to 
(A) locate the faulty stage. (B) find the defect. (C) determine the symptom. (D) perform the initial 
checks. 


A test that permits you to see how the signal is affected by the circuits of the faulty unit is called a 
(A) resistance test. (B) dynamic test. (C) continuity test. (D) static test. 


Which of the following is a static test? 
(A) Waveform observation. (B) Voltage testing. (C) Signal tracing. (D) Signal injection. 


In one test method, you introduce the signal from a generator into the faulty unit and observe the resulting 
output. This method is known as 


(A) signal tracing. (B) static testing. (C) voltage analysis. (D) signal injection. 


Employing the receiver volume control as the initial test point 
(A) makes it unnecessary to check the r-f and i-f section. (B) is not recommended. (C) divides the 
receiver into two sections. (D) usually eliminates the need for any further testing. 


When a signal tracer indicates a normal signal at the output of the first audio stage in a radio receiver, yet 
there is no output from the speaker, it is probable that the trouble is in the 
(A) detector. (B) output stage or speaker. (C) antenna or r-f amplifier. (D) i-f circuits. 


When making voltage tests, you can consider a measured voltage to be normal 

(A) only if it is exactly equal to the value listed in the service manual. (B) if it is equal to or greater than 
the listed value, but not less than this value. (C) if it is within +20% of the listed value. (D) if it is less 
but not greater than the listed value. 


If the secondary winding of T, in Figure 19 opens, 
(A) the collector voltage will increase. (B) the emitter voltage will increase to nearly the supply voltage. 
(C) the base voltage will drop to zero. (D) the emitter voltage will drop to zero. 


The transistor element voltage that is affected by almost every circuit fault or defect inside the transistor is 
the 


(A) supply voltage. (B) emitter voltage. (C) heater voltage. (D) base voltage. 


If Q, in Figure 20 develops a base-to-collector short, 
(A) the collector voltage will increase to —7.28 volts. (B) the base voltage will drop to near zero. 
(C) the emitter voltage will increase to —8.5 volts. (D) the emitter voltage will remain unchanged. 
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This unit includes all the test units normally required for servicing both AM 

and FM broadcast receivers. Included are an r-f generator, audio generator, 

power supply, in-circuit transistor tester and a multi-purpose meter. 
Courtesy B & K Division of Dynascan Corp. 
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Man’s flight through life is 
sustained by the power of his knowledge. 
—Selected 


BROADCAST RADIO SERVICING 


In servicing any type of electronic equipment, you must quickly locate the 
defect through the application of a logical sequence of tests and measure- 
ments. There should be good logical reasons for each step, and each should 
move you closer to localizing the problem. 


At many points in this planned approach you will make decisions as where to 
proceed next. These choices should always be based on the results of the 
tests already completed. Each step should either establish clearly that some 
section of the equipment is not at fault or point toward where the trouble 
lies. 


In this lesson we will present a general plan of attack which can be applied to 
any radio servicing job. This plan may be varied when you deal with 
different types of equipment, but the method of analysis remains essentially 
the same. 


To acquaint you with this method of troubleshooting, we will apply it to a 
common type of vacuum tube radio as found in many clock radios and other 
table models, and then to a transistorized portable radio. This lesson 
describes the general method of servicing, and then provides specific 
pointers on AM broadcast receiver troubles and how to locate faults in such 
receivers. 


THE STEP-BY-STEP PLAN 


The first step in troubleshooting is to establish the nature of the trouble. The 
Srglomner TERGHT Ete cam calis is your Aes cieendinvaysomenniee Cone 
information which alters your approach considerably. For instance, if the 
customer says a radio began to smoke and then blew the house fuse, you 


cannot safely plug in the radio before you locate the reason for the excess 
current. 


In such a situation, you would begin your measurements with ohmmeter 
tests to locate the short. You would also want to make a careful visual 
inspection to find the part or parts which overheated and caused the smoke. 
You may find a charred resistor that will lead you to the trouble area in a 
hurry. 


Most customers are vague in their descriptions of trouble because they have 
had no electronic training. For this reason, don’t rely completely on what the 


Pe 
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customer says. Unless his report indicates that further damage may occur if 
you apply power to the unit, turn it on and observe its operation. 


After having heard or read the customer’s report and satisfied yourself that it 
correctly describes the trouble, you can draw some conclusions as to 
possible causes. 


In situations where a receiver is completely dead, you may find by visual 
inspection that the filaments in a vacuum tube circuit are not lighting, or that 
the battery is dead in a transistor circuit. 


At each step in your analysis, your next step depends on what you have 
learned up to that point. There is no point in measuring plate voltages in a 
radio if you already know the filaments are not lit—the logical approach 
would be to concentrate on finding out why the filaments are not lit. Perhaps 
it is simply an open filament in an ac-dc receiver, in which all filaments are 
connected in series. Tubes can be checked quickly by substitution or with a 
tube tester. Perhaps it is a bad switch, and no power is reaching the circuit. 
You can check this possibility with voltage or continuity tests. 


Assume that a radio is producing no sound. You must establish whether or 
not power is reaching the radio, whether or not r-f and 1-f sections are 
functioning, and whether or not the audio section of the radio is working. 
Each of these questions narrows the area which needs further investigation. 
By following such a plan, you can almost always eliminate large sections of 
the circuit with a few simple tests. 


Once the trouble is localized, you can proceed to more thorough tests in the 
affected area. Voltage and resistance tests may be required at this point. But 
notice that you now know where to look. You will be measuring only in 
sections of the receiver where the trouble is likely to be located. 


When your measurements reveal a defective component, replace it and turn 
the receiver On again to make sure the repair job is complete. There may be 
more than one problem. 


Once you are satisfied that the radio is in working order, reassemble it in the 
cabinet and get it ready for return to the owner. 


This preliminary look at the typical service routine has been generalized. We 
will go through the same general procedure again and again as it applies to 
many different types of equipment. What we hope to illustrate here is the 
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value of following a logical sequence of tests. Each test should either bring 
you closer to the solution or rule out many steps which are not required ina 
given case. 


SERVICING AN AC-DC 
VACUUM TUBE RADIO 


Figure | is a schematic of a transformerless ac-dc receiver. This five-tube 
AM receiver circuit is found with minor variations in many clock radios and 
small table radios. The use of a line-operated power supply lowers the cost 
and provides a savings in weight and size. The tubes are chosen so that their 
filaments may be connected in series with the filament voltages adding up to 
the line voltage. 


Normal Circuit Operation 


Let’s review the basic circuit to make sure you understand its operation. 
This is a standar ne circuit i incoming signal is 
mixed with a signal from the local oscillator to produce the i-f signal. The i-f 
signal is amplified and then detected to recover the audio information. The 
audio signal is amplified and applied to a speaker. 


When the receiver is operating normally, the incoming signal is picked up by 
the antenna, mixed with the local oscillator signal in the 12BE6 converter 
stage V,, and amplified. The output from this stage is always at the 
intermediate frequency, in this example 455 kHz. The i-f signal is coupled 
through 1-f transformer T, to i-f amplifier V,. The second i-f transformer, T., 
couples the output signal from V, to the diode detector section of V3. 


The audio signal appears across the volume control, Ry, and is coupled by 
capacitor C, to the grid of the triode section of V;. This section of the tube 
acts as an audio voltage amplifier and provides the relatively large voltage 
swing required at the grid of power amplifier V,. The output transformer, Ts, 
in the plate circuit of the V, stage develops the signal for the permanent 
magnet speaker which produces the sound output. 


Automatic volume control (AVC) for the receiver is obtained from the 
detected signal appearing across R, and C,. This negative control voltage is 
applied to the grids of V, and V., making the gains of both these stages 
dependent on the strength of the incoming signal. 


The receiver is tuned by the two-gang capacitor, C,. Section C,, of this 
capacitor tunes the loopstick antenna to the incoming station. The other 
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Figure 1 
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section (C,,) adjusts the frequency of the local oscillator so that it is 455 kHz 
above the incoming signal. Trimmer capacitors T, and T; across C,, and Ci, 
provide fine adjustments for alignment. When the incoming and oscillator 
signals heterodyne in V,, they produce a 455-kHz difference signal. The 
original r-f signal and the oscillator signal are well above the frequency to 
which the V, stage is tuned so that they do not appear in the T, output. 


The_half-wave rectifier, V;, provides the dc power required by the tubes. 
Components C;,, C;, and R, provide power supply filtering. ~~ 


a ae 


Preliminary Troubleshooting Steps 


Let’s assume that this radio is brought into the shop for repair. The customer 
reports no sound output. Assuming that nothing in his report indicates 
overheating, and that you can see no obvious signs of damage, it is probably 
safe to plug the line cord into an isolation transformer and turn on the radio. 


The first thing to establish is whether or not the filaments light. If they do 
fot, there may be an open filament somewhere in the series string. With an 
open filament, the entire receiver will not light. This is most easily found by 
tube substitution. Change one tube at a time until you locate the open. If 
replacements are not on hand, you can test the tubes ona tube tester, or use 
an ohmmeter to locate the open filament. Resistance between the two 
filament pins (usually pins 3 and 4 in 7-pin miniature tubes and pins 4 and 5 in 
9-pin miniature tubes) should be very low. Next, inspect the line cord for 
signs of breaks in the conductor. 


If the tube filaments and line cord are all in good order, yet the tubes do not 
light, the chassis must be removed from the cabinet for further tests. This 
usually involves removing any knobs or dials that attach to the controls, and 
removing the screws that hold the chassis in the cabinet. In some situations, 
the speaker does not come out of the cabinet with the chassis, and must be 
disconnected. Some receivers also have a cabinet-mounted antenna which 
must be disconnected before removing the chassis. Remember, for safety, 
you must plug the ac-de radio into an isolation transformer before proceed- 
ing further. 


Once you have removed the chassis, visually inspect the components. You 
may find evidence of burned or heated components which will lead you 
directly to the trouble area. If there is no visible damage ine 


voltage across Cg, the line filter capacitor. With the switch turned on, there 
should be line voltage at this point. If not, the fault may prove to be in the 


switch or the line cord. 
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Assume that the filaments light in the receiver shown in Figure 1, yet there is 
no sound from the speaker. Because tube failure is by far the most common 
source of trouble in all vacuum tube equipment, check the tubes as one of 
your preliminary tests. Direct substitution of new tubes is preferred toa test 
on a tube tester. The tubes in this circuit are all common types and should be 
part of the tube stock in the service shop. If tube replacement restores 
normal operation, and a test run shows no further difficulties, the repair is 
complete. 


When a rectifier tube is substituted before the power supply has been 
checked for shorts, it is a good idea to watch it closely when power is 
applied. If the rectifier plates glow, turn off the receiver and check the power 
supply circuit before proceeding further. If there is a direct short on the 
power supply, such as a shorted filter capacitor, the new rectifier tube may 
be damaged because of excess current drawn by the shorted part. 


Dividing the Circuit at the Volume Control 


If tube replacement does not correct the trouble, you must check further. 


shorten the troubleshooting time. This test consists of injecting an audio 


signal at the volume control and listening o the resulting sound from the 
speaker. All-etements-between-the volume control and the speaker handle 


audio frequencies, while those preceding this point handle radio frequencies. 


—————— 


The only unit shared by the two halves of the receiver is the power supply. If 
the- trouble is in the power supply, neither half will work properly. ae 


If you touch the ungrounded end of the volume control with a probe such as 
a screwdriver held in your hand, 60 Hz ac will enter the circuit at this point. 
If the volume control is set fully open and the audio section is operating, this 
will produce a loud hum in the speaker. If the trouble is between the volume 


control and the speaker, nothing will be heard. 


An alternate method is to use an audio generator and feed the signal into the_ 
volume control. If the audio section is working, you will hear the tone from 


the speaker." 


To illustrate this simple test, let’s consider three of the many possible 
troubles that might result in no sound from the receiver of Figure 1. First we 
will consider an open speaker voice coil, then a shorted output filter 
capacitor (C;,) in the power supply, and finally an open secondary in T,, the 
second i-f transformer. 


In each of these examples, the symptom would be a “dead” receiver. 
Assume that a visual inspection shows that the tubes are lit; you know the 
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filament string is intact and power is reaching the receiver. Tube replace- 
ment does not clear up the trouble, so you are forced to remove the chassis 
for further tests. 


In the first situation, we assumed a defective speaker. A receiver with this 
defect certainly won’t produce any sound when you touch the volume 
control. What have you proved with this quick audio test? You now KNOW 
that the trouble is either in the audio or power supply sections of the 
receiver. 


In the second situation (C;, shorted) you would again hear nothing when you 
touch the volume control. This time the cause is lack of B+ voltage on the 
plates of the tubes, but again from the test results you will conclude that the 
trouble is in either the audio or power supply sections of the receiver. 


In the third situation (T, open), the trouble lies ahead of the volume control. 
If you touch the volume control or apply an audio signal to the ungrounded 
end of the volume control, the signal will pass through the audio section in 
the normal way. The speaker output means that the audio section and power 
supply are in operating condition, and you can confine your search to the 
circuits preceding the volume control. 
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This audio generator is useful in checking the audio section of 
radio receivers. 
Courtesy Heath Company 
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In each of these situations, a relatively simple test narrows down the search 
to about half the receiver. Additional tests will localize the trouble to a 
specific section and then to a specific component. 


Isolating the Defective Section 


Once you have narrowed down the trouble by this process of inserting a 
signal at the volume control, you can move to the defective area. For 
example, let’s assume the trouble is a defective speaker voice coil. Your 
initial tests tell you the trouble is in either the power supply or the audio 
section. Your next step would be to measure the power supply voltages. 


In Figure 1, the voltages are marked 105 volts at the input to the power 
supply filter and 90 volts at the output of the filter. These are typical values 
for receivers of this type. With a defective speaker, these voltages would 
measure correctly, so you can rule out the power supply as the trouble 
source. The open speaker voice coil would have very little effect on current 
through the power amplifier, so all voltages measure near normal. 


when you touch this point. fever, in this instance no sound comes 
through. 


Your next step would be to measure the voltages at the various pins of V3. 
Ali would be near normal in this example. 


The fact that normal cathode voltage is present indicates that current is 
through V,. Because no sound is produced, all that remains is to check the 
output transformer and the speaker. 


At this point the quickest test is to turn off the radio and check the 
transformer and speaker with an ohmmeter. You already know the primary 
is not open because the voltage at the plate of V, is normal. This means that 
plate current must be passing through the transformer primary. 


Your next step is to check the secondary of T,, which should provide a low 
ohmmeter reading if it is not open. However, to measure either the 
secondary or the speaker voice coil independently, you must unsolder one of 
the speaker leads. This would reveal the trouble because you would have a 
normal low resistance path from one side of the transformer secondary to 
the other, but when you check the voice coil you would get an open reading. 
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Connecting another speaker across the secondary of the transformer should 
restore normal operation. 


If you review the steps taken in this analysis, you will see that each step 
moved you toward the solution of the problem. You first concluded that the 
trouble was in the audio or power supply sections. Voltage measurements 
eliminated the power supply. You injected a signal at the grid of the power 
amplifier and so proved the trouble was between this point and the speaker. 
Voltage tests showed you that the tube was conducting, so you were led to 
investigate the speaker, which proved to be the defective part. 


Let’s now consider the second test example. The receiver has a short in filter 
capacitor C;,. It is possible that this trouble might also have caused R, to 
open or change resistance because of the excessive current. It might also 
have caused damage to the rectifier tube. We will assume that neither of 
these things happened, and nothing else is wrong but the shorted output 
filter capacitor, Cs,. 


Again, your first test is the signal injection test at the volume control, which 
produces no sound from the speaker. This means you should again move to 
an investigation of the power supply and the audio output stage. 


The next step is to measure the voltages in the power supply. In this 
example, the voltage tests would lead you directly to the trouble. The 
voltage at C;, is zero volts or at least very much below normal. Your next 
step is to disconnect the leads from this capacitor and take an ohmmeter 
reading which would end your search. 


Notice that here you could not be sure where the short was until the 
capacitor was disconnected. A short anywhere on the 90-volt B+ line would 
cause a zero reading across the capacitor. 


Electrolytic capacitors used in power supply filter circuits are often multi- 
section capacitors. For example, C;, and C;, in this receiver are probably in 
a single “can” with a common ground terminal. If one section is defective, 
replace the complete unit. If Rg shows any evidence of overheating, or if its 
value has changed as a result of the heavy current drawn by the shorted 
capacitor, you should also replace it. 


Now let’s consider the example of an open secondary in T,, the second i-f 
transformer. The signal injection test at the ungrounded terminal of the 
volume control results in an output from the speaker. Thus, you may 
conclude that both the audio section and the power supply are operating 
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satisfactorily. For that reason, none of the tests we have described in 
connection with the other examples would be necessary. 


This time you move directly from the volume control test to V, and work 
back toward the antenna. A good approach is to inject a modulated 455-kHz 
i-f signal at the grid of V, and check for an audio tone in the speaker. If you 
hear the modulation tone when the signal is injected at this point, you can 
assume that the V, stage is functioning, and move back to the V, stage for 
further tests. However, with the open T, secondary, there will be no output 
when the signal is injected at the grid of V,. The trouble must be between the 
grid of V, and the volume control. 


We now have another good point to check—the avec voltage. This voltage 
should vary noticeably as the output of the signal generator is increased or 
decreased. With the open i-f transformer in this receiver, there will be no ave 
voltage variation because no signal is reaching the detector. 


The next step is to measure the voltages in the V. stage. With an open in the 
T, secondary, the plate, screen grid and cathode voltages of V. will be 
normal. This tells you that the V, stage, including the primary of Ty, is in 
working order. Suspicion then points to the secondary of T,. An ohmmeter 
reading across this winding will pinpoint the trouble. 


Replacement of the i-f transformer will restore operation, but the trans- 
former may require alignment before normal performance can be achieved. 


Whenever tunable parts are changed during servicing, alignment will be 
required. 


ee Sener 


From these three examples of typical troubles in broadcast receivers, you 
should be able to see the value of a logical plan of attack. Each test is 
intended to limit the area that requires further investigation. This step-by- 
step isolation of the defect is the secret of effective troubleshooting. 


Some troubles which can occur in a radio are more difficult to locate than 
those used as examples in this lesson. There are, for instance, examples of 
intermittent operation which seem to disappear whenever you attempt to 
make a measurement. These can be very difficult to isolate. There are also 
examples of multiple troubles where making the logical repair does not seem 
to accomplish anything. 


Most troubles, however, yield quickly and easily to the logical approach 
presented here. When we apply these techniques to transistor circuits, there 
will be some differences in the measurements taken, but the logic of 
proceeding to isolate the defective stage remains essentially the same. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


We be 


THE STEP-BY-STEP PLAN 


SERVICING AN AC-DC VACUUM TUBE RADIO 


NORMAL CIRCUIT OPERATION 


PRELIMINARY TROUBLESHOOTING STEPS 


DIVIDING THE CIRCUIT AT THE VOLUME CONTROL 


ISOLATING THE DEFECTIVE SECTION 


. In a logical approach to radio troubleshooting, the result of one test often 


determines what other tests should follow. True or False? 


. A customer reports that his radio suddenly quit in the middle of a 


program. He left it turned on for some time, but heard nothing at all. Is it 
safe to apply power to this radio? 


. A customer states that smoke comes from his clock radio whenever it it 


turned on. Can power be safely applied to this radio before performing 
tests to locate the cause of the smoke? 


. In an ac-de vacuum tube radio in which the filaments are not lit, which of 


the following tests would you perform first? (a) Measure the B+ voltage. 
(b) Test the tubes. (c) Perform an i-f alignment. 


. In the circuit of Figure 1, to what frequency is T, tuned when the receiver 


is receiving a station at 720 kHz on the dial? 


. What is the function of C;, and C;;, in the receiver of Figure 1? 
. What two functions are performed by V, in the receiver of Figure 1? 


. In the radio of Figure 1, are the tube filaments connected in series or 


parallel? 


. In the receiver of Figure 1, what would be the result of an open heater in 


V3? 


What precaution must be observed when checking for a defective rectifier 
tube by direct substitution? 


Assume that the local oscillator is defective in the receiver of Figure 1. 
What should you hear if you touch the ungrounded terminal of the volume 
control with the tip of a screwdriver? 
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12. 


13. 


14. 


15: 


16. 


jhe 


18. 


In Figure 1, why does the presence of cathode voltage on V, indicate that 
the tube is conducting? 


If the trouble in the receiver of Figure 1 had been an open primary winding 
in the output transformer, which of the voltage measurements on V, would 
have led you to the trouble? 


In Figure 1, assume that the short indicated at C;, is not the result of the 
filter capacitor being internally shorted. What would happen if the 
capacitor leads at this point were disconnected? 


Assuming that the condition of Practice Exercise 14 exists, what other 
points would you check to locate the short? 


At what points in the receiver of Figure 1 can the ave voltage be measured? 


A receiver like that of Figure 1 has normal B+ voltage, but no audio 
output when a signal is injected at the volume control. Which of the 
following might be the cause of the trouble? (a) Weak 12BE6. (b) C, open. 
(c) C5, shorted. (d) T, open. 


Assume that the receiver of Figure 1 has normal B+ voltage and produces 
a loud hum when you touch the ungrounded terminal of the volume 
control, but no stations can be tuned in. Which of the following might be 
the cause of the trouble? (a) V, not operating. (b) C, open. (c) C;, shorted. 
(d) T, open. 
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SERVICING A TRANSISTOR 
PORTABLE RADIO 


We will now consider the application of logical troubleshooting methods to 
transistorized equipment. Transistor AM radios, both the small portable 
variety and the table and console types for the home, are probably the most 
popular receivers on the market. 


When a transistor portable radio requires service, there is often some 
question as to whether or not the repair is worth the cost. A serviceman 
cannot afford to spend much time troubleshooting a unit which can be 
replaced for a few dollars. In such instances, if the defect cannot be located 
and corrected quickly, it may be cheaper to discard the unit and buy a new 
one. There are, however, many transistor radios costing enough to justify 
extensive repair. 


We have omitted the very simple four and five transistor portables from our 
study. Often they can be repaired using exactly the same techniques we will 
discuss, but usually the repair is not warranted. 


A circuit of a transistorized portable AM receiver is shown in Figure 2. The 
circuit shown uses eight PNP transistors and a diode detector. It has a 3-volt 
supply made up of two 1.5-volt cells. This receiver is chosen to illustrate the 
servicing techniques required for all such receivers. 


We will first examine the normal operation of the receiver before consider- 
ing troubles that may require service. Like the vacuum tube receiver of 
Figure 1, the transistorized receiver of Figure 2 is a superheterodyne circuit. 
It includes a converter stage which develops an i-f signal by combining the 
incoming r-f signal with an oscillator signal. The i-f signal is amplified by two 
i-f amplifier stages, and is then applied to a diode detector. The resultant 
audio signal is amplified by the audio amplifier section, which includes a 
push-pull output stage. 


The incoming signal is picked up by the built-in ferrite bar antenna and fed to 
the base of converter Q,. The antenna circuit is tuned by C,.,4. Q, also serves 
as the local oscillator. The tuned circuit consisting of L, and C,., determines 
the frequency of oscillation. The smaller winding of this coil is connected in 
the collector circuit and provides the necessary feedback. 


2 The oscillator operates 455 kHz above the incoming r-f signal to produce th 
i-f si - L; in the collector circuit of Q7 is a tuned 1-f transformer which 
couples the 455 kHz difference frequency, produced by heterodyning the 
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oscillator and incoming r-f signals to the base of Q,. Both Q, and Q, are i-f 
amplifiers. Each of the i-f stages has a small portion of its output signal 
returned out-of-phase to the input through a 3-pF capacitor to neutralize the 
stage and eliminate unwanted oscillation. 


Q, is the diode detector. The audio portion of its output, developed across 
volume control R,,, is applied to the audio amplifier through C,. Any r-f 
present at this point is bypassed by Cs. AVC voltage is also developed across 
the volume control and fed back to the base of Q, through R;. C; provides 
the necessary filtering for the ave voltage. 


The audio signal from the volume control goes to the base of Q,, the first 
audio amplifier. Q, receives its input signal from the emitter of Q;. The base 
signals of Q, and Q, are in phase with each other and R,, is common to the 
collector circuits of both of these transistors. The current amplification of 
both transistors controls the voltage swing across load resistance R,g. 


The voltage across Rj, is coupled to the base of Q,, where it is amplified and 
then transformer coupled to the push-pull power amplifier (Q, and Q,). An 
equal amount of audio input is delivered to the base of each of these output 
transistors by the center tapped transformer, L,. These two signals are 180 
degrees out-of-phase as are the collector signals appearing at opposite ends 
of; Ly. 


Output transformer L, couples the power output from the transistors to the 
speaker or to the phone jack when an earphone is used. A small amount of 
this signal is also coupled back to the input of Q; by feedback resistor R,. 
This feedback signal is out-of-phase with the input signal from the volume 
control and serves to reduce any distortion occurring in the audio amplifiers. 


Let’s now consider the service problems which are commonly encountered 
in receivers of this type. If the radio comes into the shop with a complaint of 
no output, the first consideration is always the power supply. Battery life is 
limited, and the battery is always a good point to start your examination. 
Don’t rely on a customer’s comment that the battery is new. 


Battery voltage can be measured—at-the—terminals—where_the batteries 
connect to the circuit board, or from-the- collector to emitter of either output 
transistor, Qs or Qy. Measuring voltage at this latter point, you also verify 
continuity in the primary of L;. The voltage measurements should be made 
with the radio turned on, as a weak battery may read near normal voltage 
when no-load current is being drawn. 
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Checking the Audio Section 


The same division at the volume control can be accomplished in this receiver 

as in the ac-de vacuum tube receiver. The probe used in the tube radio will 
not produce as much hum in transistor radios because of the much lower 
impedance in the transistor circuits. You can, however, generate noise clicks 
when touching any of the base ¢ contacts in the audio section if this section of — 
the > radio is functioning properly. 


A better test can be obtained by inserting a test signal from an audio 
generator. Keep the level of the input signal low and connect one lead to the 
common ground and the other lead to the ungrounded end of the volume 
control or the base of the audio stage to be checked. If the signal comes 
through from the volume control, yet the receiver does not produce any 
output when tuned to a radio station, the trouble is in the circuits which 
precede the volume control. 


This in-circuit transistor tester permits the testing of transis- 
tors without removing them from the circuit. 
Courtesy Hickok Electrical Instrument Co. 
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If the audio signal does not come through when applied to the volume 
control, move the signal source to the base of the next stage nearer the 
speaker. Keep moving stage by stage toward the speaker until you are able 
to hear the audio tone. The preceding stage, where you were unable to get 
the tone, is then the defective stage. 


If no signal can be heard when you touch the volume control, yet the 
batteries are providing power, move your probe toward the speaker and 
touch the base of each transistor in turn until sound is produced. If no sound 
has been heard when you have done this to all audio stages, the trouble must 
be in the speaker, the output transformer or the earphone jack. An ohmme- 
ter should provide you with the answer as to which of these is at fault. 


A fairly common fault in transistor Tadios of this kind is an open earphone 
cack, This results in the radio being entirely dead because there is no 
connection to the speaker unless the spring contact on this jack is closing 
properly. Plugging in an earphone will check for this and may locate the 


trouble promptly. 


Assume that you are able to isolate a defect to one of the audio stages. For 
example, let’s assume that in the receiver of Figure 2, checks in the audio 
section show that no signal is getting through Q,. That is, introducing an 
audio signal to the base of this transistor has no effect, while touching either 
base of the push-pull stage does produce sound. 


Your next step is to measure the voltages in the Q, stage. Assume that in the 
process of your voltage tests you find that the base voltage is more negative 
than the value specified in the manufacturer’s diagram. In fact, it is very near 
the collector voltage, which is also more negative than shown on the 
schematic. When you measure the voltage at the emitter you find it to be 
zero, which is normal for this point. 


shepeor That hearer poe ea leads you to 
uspect that the transistor 1s : ransistor were conducting, the high 
base volta tin heavy collector current which, in turn, would 
lower the - collector voltage caused by the increase in voltage drop across Roo. 


To-determine whether or not the base bias still controls the transistor, you 
can temporarily alter this bias by Sistor across | the 
source of this bias voltage. The most ‘satisfactory test is with a resistor of the 
same size as is used in the circuit. In this example, R,; is a 150-kQ resistor. If 
you held another 150-kQ resistor in parallel with this one, the collector 
voltage should change noticeably if the transistor is conducting. If the 


transistor is open, the additional resistor will have no effect. 
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You must also establish whether the open circuit is in the transistor or the 
circuit board. If the path from the collector to Lg were open, the collector 
voltage would be zero. Likewise, if either end of R,; were disconnected, the 


base voltage would not be high. € path from the emitter terminal to 


ground were broken at some point external to the transistor, the voltage 


measured at the emitter would be the same as that at the base and collector. 


Let’s examine the Q, stage a bit more closely and see what various abnormal 
voltage readings may reveal. Assume that you have decided this stage is 
defective, but you aren’t sure what is wrong. If you measure no voltage on 
the collector of Q,, you would suspect the primary of L, or the path between 
L, and the transistor, or between L, and the power supply. An ohmmeter 
would tell you which is defective. 


If the voltage on the collector is high, but the voltage on the base is low, you 
suspect one of the leads from R,,. If the voltage at the emitter in this stage 
measures anything but zero, the lead to the common ground point must be 
open. If there were an emitter resistor, as in the Q; stage, the emitter voltage 
normally would not be zero. But if the emitter and collector voltages are 
both high, the emitter circuit may be open. ) ae FTE AE 


On printed circuit boards, open circuits caused by small breaks in the etched 
copper circuit are not unusual. They can best be found with the ohmmeter 
once a voltage measurement has indicated the possibility of their being 
present in a particular lead. To repair such a break once it is located, you can 
flow solder across the break or solder a wire across it. Do this with care to 
avoid shorting to adjacent conductors. Also, avoid overheating in such 


repairs or the foil strip may peel off the circuit board. 


Assume that voltage measurements around Q, suggest a shorted rather than 


below its normal value. - 


In any situation involving a shorted transistor, there will be at least two 
transistor terminals with identical voltages. Usually, these are different 
enough from the normal to be obvious. In the Q, stage of Figure 2 an 
emitter-to-base short will cause both the emitter and base voltage to read 


zero and the collector voltage to read high, perhaps —2.8 volts. 


Consider brie opens in the push-pull audio output 
transistors, Q, and Q,. An open circuit in one of these transistors would not 
a ee ee Dear Ribs. bas ie Be ge tk a a Te aaa Pe a a SE a 
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produce the _ no-sound condition we have assumed. If an open occurred, the 
remaining transistor would continue to conduct-and_-you would get some 
form of output, although it might be badly distorted. UST 


Conversely, open le leads externa the transistors may cause both the 


transistors to be inoperative. If the lead from the center tap of L; to —Voc 
were open, neither transistor would have collector voltage. Similarly, both 
transistors connect to ground through a common lead to their emitters and 
would both be inoperative if this lead were open. 


_A short in eithe -pull transistors will affect the other. A short 
from collector to_ base would raise the base voltage on both transistors while 


a_short from emitter to base would lower. both bases t to very near ground 
potential. 


Having checked out various possibilities in the audio section, we will quickly 

review the steps we have considered. The first step is to verify the condition 

of the battery. After the battery is eliminated as a Source of trouble, seek out 

the defective stage by touching an audio signal source to th f each ph 
transistor or, beginning at at the” volume ¢¢ e speaker. 

Also, check the e e speaker voice coil. If 

the signal injection check points out the defective stage, proceed with 

voltage tests within that stage, followed by substitution or resistance tests of 

the suspected components. 


One problem which often complicates the task of isolating the defective 
stage in transistor receivers is that a short or open at certain points may alter 
voltages on Several stages. For example, assume that C,, in Figure 2 is 
shorted. This effectively connects the collector of Q, to ground. This will not 
only cause Q, to be inoperative, but will lower the voltages on all preceding 
stages because the voltage drop across Ryy is increased considerably. In such 
situations, it becomes more difficult to determine which stage is the original 
source of the trouble and which stages are inoperative because of the 
changes in voltages. 


There are one or two other possibilities to be considered-as-possible sources 

f trouble in the-audio section. There are two coupling capacitors, either of 
Pree cause a-dead receiver. C; couples the signal from the volume 
control to the base of Q;, and C, couples the output of Q, to the input of Q,. 
If either of these capacitors were open, dc voltage readings would be normal 
but no sound would be produced. C; might be suspected if injecting audio at 
the volume control has no effect but touching the base of Q; produces a 
sound. 
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An open coupling capacitor-in-any-audio stage results inan interruption of the _ 
signal path, but little or no change in de measurements. Conversely, a 
shorted coupling capacitor will first change the base bias voltage on the 
following stage, resulting in increased current through the transistor and a 


decrease of collector voltage. 


In addition to the coupling capacitors, there are three other capacitors in the 
audio section of the receiver of Figure 2 whose failure might cause 
problems. If C,, across the output transformer were shorted, no signal could 
be developed across the transformer. If this capacitor were open, there 
would be a change in the frequency response but the receiver would not be 
dead as we have been assuming this receiver to be. 


If C,) were open, there would again be some change in frequency response, 
but the receiver would otherwise be operational. Shorting this capacitor 
would short the collector of Q, to ground and cause the receiver to be dead. 
The voltage at this collector would then be zero and there would be a 
considerable current through Lg and Ry». All preceding stages would have 
lower-than-normal operating voltages. 


If C, were shorted, the voltages on all transistors before the output stages 
would be zero. The receiver would, of course, be dead and the battery would 
probably also be ruined. R.) might show signs of overheating. 


Checking the I-F Section 


Assume that the receiver shows normal operation of the audio stages when 
you inject a signal at the volume control, but no stations can be received. 
From this you can assume that the trouble lies at some point before the 
volume control. 


Some e of an r-f signal generator is the best means of checking for the 
location of a defective stage in this portion of the receiver. To avol 


tit: - 
overloading the receiver, the generator should be loosely coupled to the 


stage being tested. Merely bringing the leads from the generator close to the 
receiver may be sufficient without any direct connection. 


To begin the search, introduce a modulated 455-kHz signal at the base of ( M. 
GdmGofh Hhis St ce eanrastheadereetortaresranctiohing! you should hear the 
modulating tone from the speaker. Connecting a vacuum tube voltmeter or 
transistorized meter between the bees  ciccion an aroma 


allow you to measure the ave voltage. In this receiver, this point has a 
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negative voltage of about .18 volt with no input signal. When a signal is 
received, a dc voltage is developed across the volume control by the 
rectifying action of the diode detector. This opposes the no-signal voltage on 


4 ‘ 

C To establish which stage is not operating, measure the voltage across Cs, 
> with no signal applied. Then, insert the modulated i-f signal at the base of Q, 
{ and note the change in the voltage level across C;. Increase the output from 
your signal generator or increase the coupling between the generator and the 
base circuit and see if this voltage varies In any normally operating circuit 
the voltage will vary. If there is no output from the speaker, and no change 
takes place in the avc voltage, the trouble is in Q, or its associated circuit or 
the detector On 


To check Q,, feed the modulated i-f signal directly to the diode at the point 
‘where it connects to L;. If you get an audio tone from the speaker, you are 
sure that the detector is operating. Your next step is to measure the voltages 
in the Q, stage. bets eet 


— 


The same tests for open and shorted transistors can be made for Q, as were 
suggested for Q;. Paralleling R, with a similar resistor should change the 
voltage at the emitter considerably. The cect on the emitter voltage will 
now be more noticeable than the change in collector voltage. This is because 
the TouisTance in ThE GatecseirGuik iecaraeemr tn ee eee the 


collector circuit. Because the current in both emitter and collector are 


substantially the same, the voltage change is greater across the emitter 
resistance. 


An open in L; primary would cause the Q, stage to be inoperative. If the 


primary side of the coil were open above the center tap, there would be no 
PaTlGctoy VOLES tie Gite 1 crcl cacao eT RIN RSH TTER tap, there would be 
no resonant circuit, but the collector voltage would still be present. If the 
secondary sidé of Lz were open, no signal would reach the diode. You can 
check each of these possibilities with an ohmmeter. 


avc voltage developed and the voltage at the junction of R;, Rg and C, may 
become positive even with no signal applied. 


If Q,; and the detector appear to be dulated 455-kHz 

signal to the base of Q,. The operation of this stage is nearly identical to that of 
Sc ee Re ETE 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


SERVICING A TRANSISTOR PORTABLE RADIO 


CHECKING THE AUDIO SECTION 


19. What are the two functions of Q, in the circuit of Figure 2? 


20. What is the frequency relationship between the oscillator signal and the 
incoming r-f signal in this receiver? 


21. Give two functions of the Q, stage in the receiver of Figure 2. 
22. What type of audio output stage is used in the receiver of Figure 2? 
23. What is the function of R,, in the circuit of Figure 2? 


24. Battery voltage should be measured with the receiver turned on. True or 
False? 


25. Touching a probe to a transistor audio stage generally produces a much 
louder hum than touching the grid of a vacuum tube audio stage. True or 
False? 


26. If inserting a signal from an audio generator at the base of Q, in Figure 2 
produces an output, but inserting the same signal at the base of Q, does 
not, which stage do you suspect is defective? 


27. In Figure 2, if no sound is produced when the output of an audio generator 
is applied to the base of Q, or Q,, yet de voltage measurements on these 
stages are correct, which of the following might be the cause? (a) Earphone 
jack not making contact. (b) L; primary open. (c) L, secondary open. (d) 
Break in the conductor between emitters and common ground. 


28. Temporarily connecting a similar resistor in parallel with bias resistor R,; 
in the circuit of Figure 2 would normally increase the forward bias across 
the base-emitter junction. True or False? 


29. If the Q, stage of Figure 2 is open, connecting another resistor in parallel 
with R,, will alter the base voltage but not the collector current. True or 


False? 


30. In Figure 2, what would be the effect on the voltage at the terminals of Q, if 
the primary of L, were open? 


31. Describe two methods of repairing breaks in printed circuits. 
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32. In Figure 2, what would be the effect on the voltages at the terminals of Q, 
if the base and collector were shorted? 


33. A short in one transistor of a push-pull pair will have no effect on the 
operation of the other transistor of the pair. True or False? 


34. If C, were open in the receiver of Figure 2, what symptoms would you 
expect to find? 


35. In Figure 2, if there were no voltages on any terminal of Q;, Q, or Q., even 
with a new battery in the circuit, what component might be at fault? 
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Component substitution boxes are useful when troubleshoot- 
ing. A new component can be quickly substituted for the 
suspected one. 


Courtesy Sencore 


Q;. The ave voltage can again be used as an indicator. Keep the input from 
the signal source at the lowest value which gives a clear indication on your 
meter. 


Possible troubles in this stage include a shorted or open transistor, an open 
i-f transformer, L, or Lj, and the possibility of breaks in the printed circuit 


conductors. If this stage produces no output, proceed with voltage measure-~ 


ments at the various Q, elements. 


Assume that you find zero voltage on the collector of Q,. What parts must 
you check to locate the trouble? One possibility is the primary of L,. This is 
easily checked by measuring the voltage at each terminal of the transformer. 
The three terminals of the primary should all be at the same potential, in this 
example about 2.4 volts. If there were no voltage at the center tap, you 
would suspect the circuit board rather than the transformer because this 
point should go directly to the negative line. An open in the secondary of L, 
would remove the forward bias on Q,. This would decrease both the emitter 
and base voltages of Q, and prevent the passage of the i-f signal. Again, an 
ohmmeter check would point out the trouble. 
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Checking the Converter 


If-your-checks-indicate-that_the_i-f stages are operating normally, yet the 


receiver-does-not-produce any output when | tuned to a broadcast station, the 
trouble is probably in the converter, Q,, including the tuning circuits. There 


are tw ate functions to be analyzed with regard to the converter. This 


stage generates the oscillator signal an ines it with the signal from the 
antenna to produce the 455-kHz i-f signal.,If either of these functions is 


lacking, the converter will not produce an i-f signal. 


Voltage measurements should reveal either an open or shorted transistor if it 


of L, above the center tap or in the feedback winding of L;.-—— 
sn 


To check the converter, use a signal generator to feed a modulated 455-kHz 
signal to the base of Q,. If this signal comes through properly, transistor Q, 
and transformer L, are all right. ae oe 


a seesetesteensneneenen 


Next, set the signal generator for a modulated r-f signal near the center of 
the broadcast band. Loosely couple the signal generator to the antenna. Set 
the radio dial to agree with the frequency shown on the generator. If the 
modulating signal produces an audio tone from the speaker, the converter is 
operating properly. 


If you get indication in this check, the antenna circuit may be 
defecti j Operating. To check the oscillator, 


measure the emitter voltage of Q,. With a screwdriver or other metal object, 
short oscillator tuning capacitor C,., and watch for a change in emitter 
voltage. If the oscillator is working, this voltage will change when the 
oscillator is disabled by the Short, 


If the oscillator section is not working and the voltages of Q, appear near 
normal, the trouble may be in L,, the secondary of L,, Cy, or C,. An 
ohmmeter can be used to check L, and the secondary of L,. Both of these 
coils should show very low dc resistance. Taps 3, 4 and 5 on L, should read a 
very low resistance with respect to ground. The secondary of the antenna 
coil does ot Connect directly to ground A short from stator to rotor of Cyon 
or across its trimmer capacitor would prevent oscillation. Either an open or 
short in capacitor C, would also prevent oscillation. 


If the oscillator is operating, yet no broadcast signals are reproduced, your 
search can be confined to antenna coil L, and its tuning capacitor Cy5,. 


Either an open or a short in the coil or a shor capacitor, Cy.,, could 
prevent signals from being received. 
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DISTORTED AND 
INTERMITTENT OPERATION 


Throughout this lesson we have assumed that the radio requiring service is 
entirely inoperative when it comes to you. This is the most common 
situation. There are service jobs, however, where the symptom is other than 
a dead receiver. 


For example, there are many cases of trouble which cause low gain rather 
than total failure. There may be cases of intermittent operation where the 
radio works well part of the time and then goes dead or loses gain. 
Occasionally, there will be radios with different types of distortion, such as 
raspy sound, or generally poor quality output. 


All these situations are more troublesome to the serviceman than are the 
total failure cases. Intermittent conditions are usually the hardest to locate 
and correct because the receiver may operate normally for a long time 
before the intermittent occurs. If the cost of the radio is small, the time 
required to find the intermittent trouble may not be justified. You should 
explain this to the customer. 


There are a number of intermittent sets which go abruptly from fully normal 
operation to no operation. Sometimes this occurs with movement of the 
chassis and sometimes only after a certain period of operation. 


of a printed circuit board, the cause Is usually a faulty connecti 

board. This may be a bad solder joint or a hailine Biéak ih one-of the 
connecting paths on the board. If warping the board or applying pressure at 
any point disables the receiver, you should look for such connections. It is 


sometimes faster to resolder all connections in the suspected area than to 
search for the fault. Even a minute break in the foil of a printed circuit can 


result in intermittent operation. Sometimes these breaks are invisible to the 


unaided eye. 


Intermittent operation is often the result of changes in characteristics of 
various components with heat. In transistorized receivers the transistors 
themselves are prime suspects when this sort of interruption occurs. 
Because transistors do not radiate any great amount of heat, there is seldom 
enough expansion or contraction on the board to cause problems. But the 
amount of current through the transistors does vary with temperature, and 
overheating a transistor may have very marked effects on its operation. 
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Most circuits include elements in the biasing arrangement to prevent 
increases of transistor current as the operating temperature of the device 
increases. A resistor in the emitter circuit of a common emitter amplifier is 
there for this reason. If the emitter bypass capacitor is shorted or leaky, it 
lowers the effectiveness of this resistor and may cause problems as the 
transistor temperature increases. 


AN any circuits also employ a relatively low resistance from base to ground to 
Cinprove temperature stability. If this resistance is open, stability problems 
ay develop. 


When a radio works properly from a cold start but fails after a period, 


always check for a change from normal resistance between either the basé 


or emitter er_and ground. You can sometimes speed up the service time by 
shining a lamp on the circuit to raise its temperature. You may also keep the 
radio turned on while you go about other service jobs, and check it when the 


intermittent shows up. 


Less common complaints when a radio is brought in for servicing are such e 
things as distortion and lack of selectivity or sensitivity. Misalignment and 
tracking p: problems between tuned circuits are likely to be the cau cause of eithér 
selectivity or sensitivity problems. 


Audio distortion may be caused by low battery voltage or improper biasing. 
If the power output stage uses a push- -pull arrangement, the two transistors 
may not be well balanced. If you replace one of the output transistors, stors, itis 


usually best to replace both to avoid this problem. Output transistors are 
often sold in matched pairs for push-pull use. 


A damaged speaker is also a frequent source of distortion. Testing the 
output at the earphone jack may show whether the problem is in the speaker. 
A test speaker with characteristics similar to those of the original may be 


substituted to check the condition of the original speaker. 


Leaky coupling capacit ortion because they alter bias 


levels and may shift the operating point of a stage to a nonlinear portion of 
its characteristic curve. 


Most radios of the type we are discussing in this lesson are not high-fidelity 
instruments. To attempt to get good bass response from the small speakers 
used is a waste of time. 
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This modern radio phonograph usually includes both an AM 
and an FM receiver. Servicing the FM section is similar to 
that of servicing the AM section except for the differences in 
operating frequency and detector circuits. 

Courtesy General Electric Co. 


High-frequency response is also limited because of the quality of the audio 
transformers used. The best you can hope to do is restore the quality to the 
level that existed when the radio was new. 


COMPLETING THE REPAIR 


Up to this point we have said little about performing the actual repair work 
when the trouble is located. This is a necessary part of the job and one that 
you must learn to do neatly and efficiently. The average serviceman with a 
little experience becomes quite proficient at this. However, the area in which 
the good man can most easily be distinguished from the average is in his 
ability to find the trouble with the least delay. 


When removing a defective part from a printed circuit board, take care not 
to damage the board. Don’t worry about salvaging the part. Cut the leads and 
get the part out. Cleaning used solder from the mounting holes usually 
requires access to both sides of the board. In cases where one side is not 
accessible, it is sometimes best to leave the leads of the original part in the 
holes and solder the new part to these leads. 


Avoid overheating printed circuit boards because the copper foil that serves 
as the connecting leads may peel off the mounting surface. Where hairline 
cracks in these foil leads occur, you can sometimes make a simple repair by 
flowing solder over the break. Where extensive breaks occur, you can solder 
a short length of wire over the break. 


When selecting replacement parts, be sure that the new part is electrically 
equivalent to the original. Also, make sure its physical size will permit it to 
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be used in the space provided. On some circuit boards there is crowding at 
points, which severely limits the size of any replacement parts. 


If you find damaged components, always check for the possible cause of 
failure. A burned resistor, for instance, is usually the result of some other 
trouble which caused excessive current through the resistor. To replace the 
resistor without finding the original trouble is no cure. 


Consider also the effect of any failure as well as its cause. A shorted filter 
capacitor in the power supply may have caused the trouble originally. This, 
in turn, might have seriously overheated the filter resistor and possibly put 
considerable strain on the rectifier. Never stop checking after locating one 
bad component. Search further, until you are satisfied that it is the only bad 
component or that you have found all others. 


As a final touch, clean the unit and make sure it presents a good appearance 
when you return it to the customer. This simple gesture takes very little time 
and effort, yet it pays dividends in customer satisfaction. In receivers that 
use pilot lamps, replace any burned-out lamp. Also check the condition of 
the various control knobs, calibration of the tuning dial, etc. These little 
touches go a long way toward instilling customer confidence in your work. 


RECEIVER ALIGNMENT 


As previously mentioned, when components in the i-f and r-f circuits are 
replaced, alignment may be necessary. The modulated signal generator used 
for troubles img may be used for alignment. A VTVM or other high 


impedance meter may be used as an output indicator during the alignment. 


To illustrate the alignment process, let’s go through the complete alignment 


this one, an isolation transformer-should- be-used. The voltage on the ave line | 


may be used as an indication of signal strength during alignment. The VTVM 


bee epenected. (onthe Tun cuCnia i aaa Under no-signal Contin 
this point will have a very small negati age, usually less than one volt. 
As signal strength increases, the ave voltage will become more negative. The 
last i-f amplifier stage is aligned first. The signal generator output frequency 


should be set tO the exact 1- ency, 455 kHz in this example, and the 
normal modulation applied. The signal generator ground lead should be 


connected to th oint and the “hot” lead to the grid of V.. The. 


signal generator output should be set to a point where it produces_an 
ere eee A dean Fl the prima ry tuning slugs in 
in 


T, should be adjustéd fo ication on the meter. It may be 
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necessary to reduce the signal generator output to keep from overloading the 
receiver. Always use as little output from the generator as possible to give a 
reliable indication. 


It is important that the correct alignment tools be used. In this example, the 
i-f transformer is tuned with slugs in the primary and secondary windings. 
Improper tools can damage the cores. Also make sure the alignment tool is 
nonmetallic. A metal tool can affect the tuning. Some of the older receivers 
used variable capacitors to tune the i-f transformers. An insulated tool with a 
metal tip is suitable here. Because B+ is applied to the tuning capacitor, 
make sure you do not touch it or short it to the transformer case. 


Go back over the adjustment on the last i-f transformer several times to be 

sure that you have it peaked. Now move the signal generator hot lead to the 

grid of V,, pin 7. Wi receivers it is necessary to disable the local 

oscillator during i-f alignment. This can be done by shorting C,,. With the- \ 
generator connected to V,, adjust the primary and secondary of T, to obtain 

a maximum indication on the ave meter. Again, keep the output of the signal 
generator as low as possible to prevent overloading the receiver. Go back Ge 
over the primary and secondary adjustments several times to make sure they ( 
are peaked, as they interact to a certain extent. This completes the i-f 8) 
alignment. : 


ak is to align the local oscillator. Set the main tuning dial to 600 
kHz. Also set the signal generator to Dell f there were a short placed 
across the oscillator capacitor | during the ety alignment, remove it. The 


quickest way to couple the signal into the receiver front end is to make a 
coupling coil consisting of about 50 turns of regular insulated hookup wire 


about 4 inches in diameter. Connect the signal generator output to this coil aa 
and place the coil close to the antenna coil. In some situations it may be 

possible to just place the signal generator hot lead near the antenna coil and i 
get enough signal into the receiver. With dial and generator set to 600 kHz, | 


adjust th 1 il to obtain maximum output on the : = 
Again, keep the generator output as low as possible to prevent ove af 


Now set the signal generator and tuning dial to 1400 kHz. Adjust both the 
oscillator and tuning capacitor trimmers T, and Ty for maximum output. 
Reset _the_main dial and_ generator back to 600 kHz and 1 readjust L, for 
maximum-_output. Go back over both adjustments to ensure that they are 
both correct. This completes the alignment. An ‘“‘on the air” check of local 
stations will verify the alignment and tracking. The frequencies given in this 
example are typical but may vary from receiver to receiver. If at all possible, 
consult the manufacturer’s alignment instructions. In some instances it may 
not be necessary to do a complete alignment. For example, if T, is replaced it 


is generally only necessary to align that stage. Because the whole process 
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COUPLING LOOP 
COUPLING LOOP 


NOTES: 
|. CONNECT VTVM TO AVC LINE FOR OUTPUT INDICATION 


2. REPEAT ALL ADJUSTMENTS SEVERAL TIMES TO BE SURE THEY ARE PEAKED 
3. KEEP GENERATOR OUTPUT AS LOW AS POSSIBLE TO AVOID OVERLOAD 


Figure 3 


takes but a few minutes, you might go over the entire receiver and quickly 
retune it. Figure 3 shows the entire alignment process in chart form. Charts 
such as these are included in the service literature and should be followed if 
possible. 


Alignment of the transistor receiver of Figure 2 would follow the same plan. 


sible. The coupling coil described earlier can be used for this purpose. Just 
lay the coi over iver. As always, be sure to use as low a generator” 


output as possible so as not to overload the receiver. 


The receiver ave line may also be hard to-connect-to-in-a-printed circuit 
receiver. The simplest method is_to-conneet-the-meter_to_the speaker 


terminals. Set the meter to measure ac voltage and place it on the lowest 


range. An ac VTVM can also be used for this purpose. In fact, most” 
transistor receiver manufacturers specify this method of alignment indica- 
tion. 


Because most of the i-f transformers in transistor receivers are small, use 
care when adjusting the slugs. It is quite easy to damage the slugs. Always 


use the proper alignment tool, Once the-alignment has been completed, the 
Slugs-can-be-sealed, using wax from-a-small- candle. Use just a drop; do not 


fill in the entire slug. This may make it difficult or impossible to remove the 
wax if the unit has to be aligned again. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


36. 


Aye 


38. 


SME 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


SERVICING A TRANSISTOR PORTABLE RADIO 
CHECKING THE I-F SECTION 
CHECKING THE CONVERTER 
DISTORTED AND INTERMITTENT OPERATION 
COMPLETING THE REPAIR 
RECEIVER ALIGNMENT 
To which stage or stages in the receiver of Figure 2 is avc voltage applied to 
control the gain? 
In Figure 2, an open in the L; primary between the center tap and the 
lower end of the primary would result in a complete lack of collector 


voltage on Q,. True or False? 


In Figure 2, assume that Q, is shorted internally from base to collector. 
What voltages would you read at the various elements of Q,? 


If C, of Figure 2 were shorted, how would the voltage at the base of Q, be 
affected? 


If C,., of Figure 2 were shorted, would the bias on the base of Q, be 
affected? 


If tapping on a printed circuit board causes a radio to cut off, what is a 
probable cause? 


Intermittent operation may result from the overheating of various com- 
ponents in the circuit. True or False? 


List two important considerations in selecting a replacement part. 
If the filter resistor in the receiver of Figure 1 were damaged by excessive 
current, which of the following might be the cause? (a) T, open. (b) C54 


shorted. (c) C, open. (d) T, open. 


The first step in the complete alignment of a superheterodyne receiver is 
the alignment of the (a) local oscillator, (b) first i-f, (c) last i-f. 


The output from the signal generator should be set as low as possible. True 
or False? 


7515 


Q3 


BROADCAST RADIO SERVICING Q3A 


47. The oscillator coil slug in the receiver of Figure 1 is set at the 
end of the band. 


48. The mixer trimmer capacitor, T,, in the receiver of Figure 1 is set at 
the _______ end of the band. 


49. Both the primary and secondary of the i-f transformer in transistor 
receivers are normally tuned. True or False? 


50. The most convenient alignment indication point in a transistor receiver is 
the (a) speaker, (b) avec line, (c) battery voltage. 


SUMMARY 


In servicing AM broadcast radio receivers, whether they are of the tube or 
transistor variety, the most essential item is a logical approach to the 
problem. A step-by-step routine of tests designed to locate first the defective 
stage and then the faulty component is required. Begin with the known 
symptoms of the trouble. Determine whether or not power can safely be 
applied, and then proceed to eliminate sections of the receiver from further 
tests. 


In tube equipment, many of the problems are caused by tube failure. Thus, 
tube substitution is recommended as an early check. In transistor receivers, 
transistor failure is much less likely, so this step is not included until the 
defective stage is isolated. 


After tube checks and a visual inspection, one of the first steps is to insert an 
audio signal at the volume control. This serves to divide the set roughly in 
half and will reveal which half contains the defect. If no sound can be heard 
when an audio signal is applied to the volume control, the trouble is either in 
the power supply or the audio portion of the receiver including the speaker. 
If this signal is heard, checks will be confined to the radio-frequency portion 
of the radio. 


To further isolate the trouble, move the signal source one stage at a time 
toward the speaker if audio trouble is indicated, or toward the antenna if 
r-f trouble is indicated. When the trouble is in the r-f portion of the receiver, 
you need a modulated r-f generator as a signal source, and you must adjust 
the input frequency to the appropriate frequency for the stage you are 
testing. 


During i-f and r-f checks, you can use both the speaker audio output and the 
avec voltage as indicators oT COrrerT Oy Tay Pertormene et faulty stage 
is the stage nearest the Speaker which will not pass the signal. 


When the defective stage in either a tube or transistor radio has been 
located, use voltage measurements and resistance measurements in that area 
to pinpoint the defective part. 


You should establish this plan for troubleshooting firmly in your mind. The 
secret to fast, effective troubleshooting is the application of a logical 
approach. You will improve with experience, but you will do well from the 
start if you stick to the basic plans presented here. 
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10. 


11. 


12. 


13. 


14. 


13: 


16. 


PRACTICE EXERCISE SOLUTIONS 


. True—Each test should suggest what to do next. 


. Yes—Because there is no evidence of overheating, there should be no ill 


effects from applying power. 


. No—Applying power may cause further damage. You should begin this 


job with ohmmeter tests. 


. (b) Test the tubes.—There will be no B+ if the tubes are not operating, and 


alignment is impossible unless the receiver is operating. 


. T, is always tuned to the i-f frequency, or 455 kHz, no matter what 


frequency is tuned on the dial. 


. Cs, and C;, are the power supply filter capacitors. They serve to smooth 


out the de used by the receiver. 


. V; functions as a diode detector and an audio voltage amplifier. 
. Series.—This is typical of the ac-dc type receiver. 


. The radio would be completely dead.—All filaments go out when any one 


in the series string is open. 


Watch the new rectifier closely when power is applied. Turn off the 
receiver and perform resistance tests if the plates of the rectifier turn 
red. 


A loud hum.—Oscillator trouble would not affect the audio section of the 
receiver. 


If the tube were not conducting, there would be no current through the 
cathode resistor and no voltage at the cathode. 


There would have been zero voltage at the plate. This should have led you 
to the open, which could be detected by an ohmmeter test. 


The short across the capacitor would disappear. However, the short would 
remain on the 90-volt B+ line. 


The primaries of T, and T., and the screen grids of V,, V. and V,. A short 
of any of these points would read as a short at C-,. 


On the secondaries of either T, or T,, the ungrounded end of the volume 
control, or the junction of R, and C,.—Note that while the secondary of T, 
and the ungrounded end of R, are the same point electrically, they are not 
at the same location in the receiver. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 
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one 


(b) C, open.—This would prevent audio from reaching the grid of V3. 
Neither a weak 12BE6 nor an open T, would affect the audio section, and to 
have C., shorted would mean that B+ was not normal. 


(d) T, open.—No i-f signal reaches the detector. Either V, not operating or 
C, open would result in no audio. if C;, were shorted, the B+ voltage 
would not be normal. 


Q, functions as an oscillator and converter stage, generating the oscillator 
signal and combining it with the incoming r-f signal to produce the i-f 
signal. 


The oscillator signal is 455 kHz above the incoming r-f signal. 
Q, is a diode detector, and also provides avec voltage for the Q, stage. 


The receiver uses a push-pull output stage, with the out-of-phase driving 
signals produced by a tapped driver transformer. 


It provides negative feedback from the output stages to the input of Q.. 
This is done to reduce distortion. 


True—A weak battery may appear to have normal voltage until a load is 
applied. 


False—The lower input impedance in the transistor circuit tends to reduce 
the signal amplitude. 


Probably Q,.—Another possibility is the coupling capacitor between these 
two stages. 


(a) Earphone jack not making contact (or L; secondary open).—Either of 
the other conditions mentioned would not only prevent an audio output, 
but would also affect the voltage readings on Q, and Q,. 


True—The parallel resistor lowers the resistance between the base and the 
supply terminal, and therefore increases the forward bias. 


False—If the transistor is open, there will be no current through R,;, so 
changing its resistance will not change the base voltage. 


The collector voltage would drop to zero. The base and emitter voltages 
would be unchanged. 


For small breaks, simply flow solder across the break. For larger breaks, 
bridge a piece of wire across the break and solder it to the foil strips on 
both sides of the break. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


32. All voltages around Q, would be lowered. Most of the supply voltage would 
be dropped across R,, and Lg. 


33. False—The shorted transistor will alter the operating voltages on the other 
transistor, and thus prevent normal operation. 


34. The audio section would work from Q, on, but no signal could get to the 
base of Q;. The voltages on Q; would be approximately normal. 


35. Ry) may be open, C, may be shorted or the switch S, is defective. An 
ohmmeter will indicate the defective component. 


36. To the Q, stage only. 
37. False—The upper half of the primary supplies the collector voltage to Q,. 
38. The voltages on the base and collector would be identical. They would be 


less-than-normal collector voltage. The emitter voltage would be more 
negative than normal. 


39. The base voltage on Q, would decrease to near zero. The oscillator would 
not operate and R, would be shorted out. 


40. No—Shorting C,,., prevents signals from being received, but does not 
affect the bias voltage of Q,. 


41. Either bad solder connections between the board and components mount- 
ed on it or a hairline crack in the conductors on the board. 


42. True—Overheated components often change value sufficiently to cause the 
circuit to operate improperly. 


43. The replacement part must be electrically equivalent to the original. Also, 
the physical construction of the replacement must be such that it will 
mount conveniently in place of the original. 

44. (b) C;, shorted.—Excessive current through Ry indicates a short beyond 
the resistor. The open conditions indicated in (a), (c) and (d) would not 
increase current. 

45. (c) last i-f—Always start with the last i-f and work towards the front end. 


46. True—This prevents receiver overload. 


47. low—600 kHz is a typical frequency. 


48. high—1400 kHz is a typical frequency. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


49. False—The secondaries are generally not tuned because of the low input 
impedance of the following stage. 


50. (a) speaker.—The meter should be set up to measure ac volts on the lowest 
range. 
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1, B-IN FOLLOWING A LOGICAL TROUBLESHOOTING PLAN, THE SERVICEMAN -- LETS THE 
RESULT OF ONE TEST DETERMINE WHAT WILL BE TESTED NEXT. 
To locate the trouble in the least amount of time, each step should point the way to the next step. 


2. B-I1F THE 12BA6 FILAMENT IS OPEN IN THE CIRCUIT OF FIGURE 1, -- THE VOLTAGE ACROSS 
IT WILL BE EQUAL TO THE LINE VOLTAGE. 
When an open occurs ina series circuit, the supply voltage appears across the Open. 


3. C-IN A SUPERHETERODYNE AM BROADCAST RECEIVER, THE LOCAL OSCILLATOR NORMALLY 
OPERATES -- ABOVE THE FREQUENCY OF THE INCOMING SIGNAL. 

To permit practical values of L and C in the local oscillator circuit, it operates at the i-f above the 
incoming signal frequency. 


4. D-IN A PROPERLY OPERATING TRANSISTOR STAGE, ALTERING THE BASE BIAS VOLTAGE 
SHOULD -- CHANGE THE COLLECTOR CURRENT. 
A change in bias will always change the collector current. 


5. A - WHEN AN AUDIO SIGNAL INJECTED AT THE VOLUME CONTROL OF A RADIO PRODUCES 
ADEQUATE SOUND FROM THE SPEAKER, YOU MAY ASSUME THAT -- THE POWER SUPPLY AND AUDIO 
AMPLIFIERS ARE WORKING PROPERLY. 

If the audio amplifier is operating, you can assume that the power supply is all right. 


6. A -IF A RECEIVER HAS AN OPEN TRANSISTOR IN THE FIRST I-F STAGE, -- A MODULATED 
R-F SIGNAL FED TO THE ANTENNA WOULD PRODUCE NO OUTPUT. 
With the first i-f transistor open, no signals are going to pass through this stage from the converter stage. 


7. A - ASSUME THAT THE Q3 STAGE WILL NOT PASS AN I-F SIGNAL. YOU MEASURE THE EMITTER 
VOLTAGE AND FIND IT MUCH LOWER THAN SPECIFIED. A POSSIBLE CAUSE WOULD BE -- AN OPEN 
IN THE Ly SECONDARY, 

An open Ly secondary would remove the forward bias on Q3. Therefore, with only leakage collector current, 
the voltage drop across RjQ, as well as the emitter voltage, is greatly reduced, 


8. B-IF L2 IN THE CIRCUIT OF FIGURE 2 HAS AN OPEN BETWEEN TERMINALS 3 AND 4, -- 
INJECTED I-F SIGNALS WILL PASS THROUGH THE Q> STAGE, 

With an open in Lo the local oscillator will be inoperative. However, the Qo stage will not be affected and 
can still pass i-f signals, 


9. B-IF C}2p IN THE RECEIVER OF FIGURE 2 WERE SHORTED TO GROUND, -- THE LOCAL 
OSCILLATOR WOULD NOT OPERATE. 

C128 is the local oscillator tuning capacitor. If shorted, it would short the tank circuit, stopping 
oscillation, 


10, A - IF THE PRIMARY OF AUDIO INTERSTAGE TRANSFORMER Lg OF FIGURE 2 WERE OPEN, 
THERE WOULD BE NO AUDIO BECAUSE -- Q7 WOULD HAVE NO COLLECTOR VOLTAGE, 

The Q7 stage receives the collector voltage through the Lg primary. If the Lgé primary opens, there will 
be no Q7 collector voltage and thus no Q7 collector current, 
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QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 


errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 
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LESSON CODE 


xample: An animal found in many African 
= swamps and rivers is the 

[| (A) polar bear. (B) crocodile. 
cS (C) walrus. (D) whale. 


In following a logical troubleshooting plan, the serviceman 
(A) always begins with voltage measurements. (B) Jets the result of one test determine what will be 
tested next. (C) always begins with resistance measurements. (D) always begins with an r-f alignment. 


SOB 


If the 12BA6 filament is open in the circuit of Figure 1, 
(A) the voltage across it will be zero. (B) the voltage across it will be equal to the line voltage. (C) the 
voltage across all the other filaments will increase. (D) only that tube filament will not be lit. 


In a superheterodyne AM broadcast receiver, the local oscillator normally operates 
(A) at the i-f frequency. (B) below the frequency of the incoming signal. (C) above the frequency of the 
incoming signal. (D) at the frequency of the incoming signal. 


In a properly operating transistor stage, altering the base bias voltage should 

(A) have no effect on collector current. (B) have no effect on emitter-to-base current. (C) always change 
the emitter voltage. (D) change the collector current. 

When an audio signal injected at the volume control of a radio produces adequate sound from the prenker! 
you may assume that 

(A) the power supply and audio amplifiers are working properly. (B) the i-f section is working properly. 
(C) the local oscillator is not working. (D) the output transformer is defective. 

If a receiver has an open transistor in the first i-f stage, 

(A) a modulated r-f signal fed to the antenna would produce no output. (Bj all collector voltages would 
measure low. (®) audio signals injected at the volume control would produce no sound. (D) ave voltage 
would vary normally, but no stations would be heard. 

Assume that the Qs stage in Figure 2 will not pass an i-f signal. You measure the emitter voltage and find it 
much lower than specified. A possible cause would be 

(A) an open in the L, secondary. (B) a shorted L, secondary. (@) a collector-to-base short in Q;. (Dyan 
open in R4». 

If L, in the circuit of Figure 2 has an open between terminals 3 and 4, 

(A) the oscillator frequency will increase. (B) injected i-f signals will pass through the Qs stage. (C) the 
oscillator frequency will decrease slightly. (D) the emitter of Q, will become more negative than the 
base. 

If C,., in the receiver of Figure 2 were shorted to ground, 

(A) the battery would be shorted and run down. (B) the local oscillator would not operate. (C) all bias 
voltages in the circuit would be abnormal. (D) strong signals would still be received. 

If the primary of audio interstage transformer L, of Figure 2 were open, there would be no audio because 
(A) Q; would have no collector voltage. (B) Qg and Qg would not be properly biased. (C) Qg would not 
conduct. (D) there would be no Q, emitter-base currert. 
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This automobile receiver is designed to receive regular and stereo FM 


broadcasts. The under-dash mounting arrangement makes removal and 
replacement a simple matter. 


Courtesy Motorola, Inc. 
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Formula for failure: Try 
to please everybody. 
—H. B. Swope 


SERVICING AUTOMOBILE RECEIVERS 


One of the most common types of radios in use today is the automobile 
radio. Millions of new automobiles are purchased in the United States each 
year, and the number is expected to rise from year to year. Most automo- 
biles are equipped with radios as original equipment or have a radio added 
after purchase. 


The cost of an automobile radio is sufficient to warrant any necessary repair. 
Most auto radios are well constructed, and are capable of good reception 
when working properly. In addition to conventional AM radios, there has 
been an increase in the number of combination AM-FM and FM stereo 
receivers and cartridge tape players in use. 


All automobile radios on the day are solid state. The tube-type auto 


radio largely disappeared from the market. The obvious advantages of 
smaller size, lower voltage requirement, smaller battery drain and increased 
dependability have all contributed to this trend. 


There are several common problems which can be solved without removing 
the radio. Audio noise, but no signal, often means that the antenna plug has 
vibrated out of its jack. A test antenna may be tried if this test fails. No 
power could mean a blown fuse or an open power lead. Raspy sound might 
be traced to a defective speaker; a test speaker will give the answer. 


The problems of troubleshooting auto radios are largely the same as those 
encountered in servicing any other transistorized radio. There are, however, 
a few special considerations which must be considered before examining the 
troubleshooting procedure. These include the mechanical problems of 
removing and installing the radio, and the necessity for supplying bench 
power to the radio when troubleshooting in the shop. 


INSTALLING AND REMOVING AUTO RADIOS 


Most auto radios are designed and packaged for mounting either in or 
immediately below the dashboard of the car. In some cars their removal and 
installation is a major portion of the repair job. 


Always carefully disconnect all external connections before attempting to 
physically remove the radio. External connections to an auto radio include 
the power cable from the battery, an antenna lead, and usually a set of 
speaker leads. 
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Next, inspect the physical mounting arrangement behind the dashboard 
carefully. This may require that you ‘“‘crawl under” the dash to locate the 
mechanical mounting points. A flashlight or trouble light will help in this 
inspection. If the manufacturer’s service manual is available, it may include 
instructions for removing the radio. 


Mounting hardware differs considerably in different cars, and between 
factory installed receivers and those custom installed after the car is 
delivered. The through-the-dash type mounting shown in Figure 1 is the 
most common type of installation. To remove such a radio, first remove the 
tuning and volume control knobs, and the hex nuts which hold the shafts of 
the controls to the dashboard. The rear of the radio is usually held to the 
dashboard by some form of bracket either connecting upward or extending 
back to the fire wall. Some radios are supported on both sides, and some on 
only one side. In order to prevent loss of knobs or hardware, it’s a good idea 
to put these parts in a small plastic bag and leave them in the customer’s 
glove compartment. 


Always check for any obstructions before removing the radio. In some 
2) instances it may be necessary to remove or shift other units under the 
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Figure 1 
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dashboard (defroster hoses, instrument wires, glove compartments, etc.) 
before the radio itself can be freed. On air conditioned cars, it is often 
necessary to remove duct work and air hoses. Simply removing the glove 
compartment may also provide a radio exit path. Other alternatives include 
removal of the dashboard section that surrounds the radio or removal of the 
entire top half of the dashboard. The latter is probably necessary when the 
front speaker is defective. 


Whenever cables or hoses are disconnected, they must later be replaced 
exactly as they were found, or unexpected problems could be created. For 
example, reversing two seemingly identical trunk release hoses will render 
that device inoperable. Never let a cable “‘snap back” when it’s released. 
The sudden strain release may cause the cable to lodge in an inaccessible 
location, forcing you to waste time retrieving it. 


Receivers mounted below the dashboard are often supported at both the 
front and back by mounting brackets that bolt to the dash and the radio. In 
most situations these radios are easter to remove than the through-the-dash 
models. 


BENCH POWER FOR AUTO RADIOS 


Auto radios are designed to be powered directly from the car’s battery. No 
voltage higher than the battery voltage is normally required. Dhe current. 
requirements vary from about .2 amp to | amp for 12-volt operation and 
slightly higher when designed for 6-volt operation. Tube-type receivers have 
a much higher current requirement. 


An automobile battery and provisions for recharging it can be used when the 
radio is operated on the service bench. However, many servicemen prefer to 
use some form of battery eliminator which draws power from an ac source. 
Suitable supplies for this purpose are available commercially. 


The supply used needs both good regulation and good filtering. If the 


filtering is not adequate or the supply has high internal resistance,a feedback 
epndition knovn 2s ington Ra Tea hand 


Figure 2 shows a schematic diagram of an ac power supply designed for 
bench operation of car radios. When the voltage switch, S,, is in the 6-volt 
position, as shown, D, and D, operate as a full-wave rectifier and D, and D, 
are not connected into the circuit. When switch S, is in the 12-volt position, 
all four diodes operate as a bridge rectifier, and twice the output voltage is 
produced. 
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20A SHUNT 


VOLTAGE CONTROL 


Figure 2 


The voltage in either the 6- or 12-volt position is variable by means of the 
movable contact on the two secondary windings of T,. The percentage 
change obtained by shifting this contact is the same in either voltage range. 
A voltmeter and an ammeter monitor the output of the supply. In the 6-volt 
position a shunt is connected across the ammeter to increase its full-scale 
reading to 20 amps. The bench supply must be very well filtered and should 
have as low an output impedance as possible. If the supply is not variable, it 


A well-filtered and regulated power supply is essential for 
bench repair of automobile receivers. The unit shown above 
employs special power supply filter components to obtain a 
low ripple level with good regulation. 

Courtesy Precise Electronics, Inc. 
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should have electronic voltage regulation because the loads presented by 
various radios vary widely. 


AM AUTOMOBILE RADIOS 


The circuits employed in most AM car radios differ in only a few respects 
from home-entertainment transistor radios. Most auto radios employ an r-f 
stage ahead of the mixer. This stage is often not present in home radios. 
Nearly all car radios use "permeability tuning rather than variable tuning 
As iacitors- Ta Sch ai errangenient jin Cepia Gf miei an aa 
by moving the slug in a coil. The coils are arranged to permit gang tuning-of 


the r-f Stage; the oscillator and the mixer input. Permeability tuning is-used 
because of its high mechanical stability. 
hat ie 


Current mode car radios for the AM broadcast band generally use 262 tin 
for the i-f as compared to 455 kHz for home radios. This is now standar 

FEUER SROr TmN ae oe eT for service may still gee 
a 455 kHz i-f. The choice of the lower i-f frequency permits higher gain per 
stage in the i-f amplifiers. It is not used in most simple home > radios because 


of i image problems when no r-f stage is included in the ‘tuner. 


A majority of car radios involves some form of pushbutton tuning. The 
buttons are preset to local stations so that the dfivér can switch stations 
without distraction from his driving. Most such arrangements are mechani- 


cal rather than electronic, ane eo LE. move the same coil slugs that_ are 


tuned with the main tuning 


ae 


In most pushbutton tuned car radios it is a simple matter to set the buttons to 
the desired stations. The button is first pulled out toward the driver, the 
station is carefully tuned in with the manual tuning knob, and then the button 
is pushed in firmly. When the button is used thereafter, it will return the 
tuning to the same point of the dial at which it was set. 


Positive and Negative Ground Systems 


In most automobiles the negative terminal of the battery is connected to the 
metal frame or chassis, giving a Negative ground. In others the positive 
battery terminal Ts erounded Tee eStenuaian Bach checking any auto radio 
that the voltage supply have the proper polarity—that it agrees with the 
battery polarity in the car in which the radio is used. 


Some radios are sold for installation in any make of car. These units usually 
have alternate power input connections for use with either positive or 
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negative ground systems. Figure 3 shows an example of this type of system, 
where a jumper plug is used to connect the common lead of the circuit (+) 
and the actual ground lead which connects to the radio case and the chassis 
of the vehicle (,,). 


S 


COMMON NEGA: == CARS 
TIVE LEAD IN CHASSIS 
RADIO GROUND PLUG FOR PLUG FOR 
NEGATIVE GROUND _ POSITIVE 
CARS GROUND CARS 
Figure 3 


A single PNP transistor is shown in Figure 3, but all the transistor emitters in 
the radio are connected to this Vc¢- voltage supply point. With the jumper 
plug in the position indicated for negative ground, terminals | and 3 of the 
jumper socket are connected together. Thus, terminal A of the battery 
connects directly to the V¢¢ line in the radio. Terminals 2 and 4 of the jumper 
socket are also connected together, so that the common negative lead of the 
radio connects to the car chassis, and thus to the negative terminal of the 
battery. 


For positive ground systems, the jumper is inserted so it connects terminal | 
of the jumper socket to terminal 2, and terminal 3 to terminal 4. This 
connects the negative terminal of the battery to the common negative lead of 
the receiver, and the positive terminal of the battery (chassis ground) to the 
+Voc line. Thus, by proper use of the jumper, the radio may be used with 
either positive or negative ground systems. 


A TYPICAL AUTO RADIO 


Figure 4 shows the schematic diagram of a typical AM automobile radio. 
This radio employs six transistors and three diodes. For improved avec 
action, a voltage doubler is used to rectify a portion of the output of the i-f 
amplifier. The ave voltage is used to control the base voltage of the r-f 
amplifier and the i-f amplifier. 
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The radio is tuned by simultaneously moving the slugs in L,, L; and L, which 
are mechanically connected to the main tuning dial. L, together with C, is 


tuned to resonate at the frequency of the incoming signal and couples this 


signal to the base of the r-f amplifier. Ly together with C, and C, in the 


collector circuit of @; tunes to the same frequency. Note that this iS not a 
simple parallel tuned circuit. It is a pi-network and serves as a low-pass filter 
to reduce image problems A CRT 
oscillator 7 ffequendvilit Sitorprovides im pedanie st avon Celt cen me the low 


input impedance of the mixer ‘stage-and the ‘much higher impedance in t the 
collector circuit of the r-f stage. 
iT enete eames Laat Skee 


ee 


The r-f signal is applied through C, to the base of the converter stage, Q,, 
which also serves-as-_thetocal oscillator. The oscillator frequency ie abuse 
the ucbmune-suenal ands controlled by the Conga OL la; ce anduea: 
ting the r-f signal and the 
A signal is 262 kHz, and the collector circuit of-Q, is tuned to this 


frequency by the primary of L,, the first i-f transformer. 


Q; is an i-f amplifier with both base and collector circuits tuned to 262 kHz. 
A portion of the signal on the collector is fed to_ave diodes D, and D,, via 
C1;. D, and D. are connected to form a voltage doubler similar to those used 
in power supply circuits. The ave voltage opposes the forward bias supplied 
by voltage dividers to the bases of Q, and Q;. This voltage is used to control 
the gain of Q, and Q,. 


The_i-f signal is detected by D,, and the audio portion of the signal is 


developed across the volume control, R,;. C19, Coy and R,,4 serve to filter out 
the remaining r-f component of the signal. 


The audio_signal is coupled to QO, by C,,. The emitter resistance of this stage, 


produced by Rg, is an internal adjustment which controls the bias through- 
out the direct-coupled audio amplifier. Changing the setting of this resistor 
will alter the current through Q,, thus changing the voltage drop across Ryo. 
This, in turn, alters the base voltage on Q;, which alters the current through 
this stage and therefore the voltage across R,;. This results in a change of 
base voltage on the wer output transistor, Qs. The interacti 
stages in such ably greater than it 
would be if coupling capacitors were used to couple stages. 
SE OE SE. Cs = ee 


This receiver employs a PNP transistor in the output stage rather than the 
NPN transistors hout the remainder of the circuit. NP was 


chosen because of the low cost of PNP germanium output transistors-This 
conhig ion r pplication of a positive supply voltage to the 


emitter and base of Q, and return of the collector to ground through T,. Ro» 
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in the emitter circuit is a fusible resistor which gives protection for the 
transistor against excessive current in this stage. This fusible resistor opens 


up if the current through the transistor_reaches—approximately twice its _ 


Power is provided by the car battery and filtered by L, and C,,. The resistors 
R3, to R5, form a voltage divider which delivers the proper potentials for the 
various stages. This radio is arranged for a negative ground on the car’s 
battery. The 2.5-volt tap on the voltage divider supplies base voltage for Q,. 
The 5-volt tap goes to the emitter of Q,, and the remainder of the positive 
voltage points indicated in the diagram are connected to the 12-volt taps or 
the 11.5-volt taps. The receiver draws approximately 650 mA from the 
12.6-volt battery. 


To service this radio on your bench, you would need a well regulated 
12.6-volt power supply. It must be capable of handling not only the steady 
load current but also of handling the surge current required to charge the 
filter capacitors. You would also need an external speaker equipped either 
with the proper connector or clipleads, and some form of antenna for 
checking the response to broadcast signals. 


If the radio is reported to be inoperative, we begin with a resistance check at 


your bench supply. 


Circuit Variations 


Although Figure 4 is typical of many automobile radio circuits, variations 
are common. The audio output circuit may use two output transistors, or an 
integrated circuit, or a combination of transistors and an IC. The purpose of 
the audio amplifier remains the same throughout. These variations are 
similar to those discussed in another lesson and will not be covered here. 


Integrated circuits are also coming into common usage in other sections of 
the automobile radio. Figure 5 illustrates a one IC auto radio that lacks only 
an audio amplifier. With the addition of one audio amplifier IC, the circuit 
would represent a complete receiver, using a minimum of components. 
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Figure 5 


Audio Troubles 


If power can be safely applied, you can rely on techniques similar to those 
already examined for home radios. For example, introducing an audio signal 
across the volume control should tell you whether you are dealing with an 
audio or r-f trouble. If the difficulty is in the audio section, move the signal 
source toward the speaker one stage at a time until you locate the defective 
stage. 


Because the audio stages in 1 this ae Tadio are > direct coupled, there is a iS 8.2, 


than in Hie events examined SPevIODSIy but it is still the correct procedure. 


Let us again refer to Figure 4 and take a look at the effects of the interaction 
between stages in direct-coupled amplifiers to see what is to be expected 
when various troubles develop in such circuits. As a start, let’s assume that 
Cy 4p is shorted. Because this is an electrolytic capacitor, this problem could 
easily occur. What effects might be expected from this malfunction? 


To begin with there would be no audio output because there is a direct short 
across T,. Another obvious effect is that the collector voltage on Q, would 
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be zero instead of the expected 1.3 volts. However, collector c 

still be in Q,. In fact, it would tend to increase because of the increase in 
Were te between emitter a and collector. Any increase in this current. it will 
increase the-voltage-across-Ry,, and thus reduce the positive potential on the 
emitter. This tends to reduce the current, so it opposes any increase in 
current. The net result is that both emitter and base voltages would remain 
very near r their ir original values and no effect on the preceding stages would ~ 
be noted. 


Now, instead of C,,» let us assume that a short develops in C,,, the emitter 
bypass capacitor in the first audio stage, Q,. The effect this time will be more 
widespread. With C,, shorted, the emitter of Q, would go to zero volts. Q, 
would therefore conduct heavily because the voltage between base and 
emitter has increased. This results in the collector voltage decreasing 
because the increased current through Rj, causes an increase in the voltage 
drop at this point. 


Notice that the collector of Q, is connected directly to the base of Q;. Thus, 
any change in Q, collector voltage results in a corresponding change in the 


4 Q, base voltage. 


Assume that this voltage reduces to less than the Q; emitter voltage. It will, 
in fact, fall much lower than this. Because the base of Q; is then negative 
with respect to its emitter, this transistor is cut off. As a result, its collector 
voltage rises toward the 12-volt level because there is a decrease in current 
through R,,. The base voltage on Q, also rises because it is directly 
connected to the collector of Q;. As the base voltage rises, the current 
through Q, decreases, the emitter voltage increases, and the collector 
voltage decreases. All of this is a direct result of the variation in emitter 
voltage on Q,. 


Now let’s see how insertion of a signal would work in this radio with C,,. 
shorted. If you feed an audio signal to the volume control, you will hear 
nothing because Q,; is cut off. The same will be true if you feed the signal into 
the base of Q;. You might get an output if you feed an audio signal to the 
base of Q,, but it will be badly distorted. The procedure is then to measure 
the voltage at the terminals of Q;. With C,. shorted, you would read almost 
zero voltage at the collector and 12 volts on both the base and emitter. 


The lack of collector voltage might lead you to believe that T, or Cy4p is 


shorted, but neither 0 oltage. The only way 
this Haseroliagecan apprvacitTzwvolle wire ere is a base-to-emitter short in 
@ —Q oF improper current through-Ryr for-the-short-with~an 
: ohmmeter, but because you are measufing-voltages you would probably 


move back to Q,; and see if there is any reason there for low current through 
———— eee aE 
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R,,. The base voltage on this stage is less than the emitter voltage. Because 
this is reverse bias, the trouble is in the biasing of this stage rather than in the 
final amplifier. 


The abnormally low base voltage on Q; must be caused by excessive current 
through Rj», and this would seem to indicate the trouble is in the Q, stage. So 
you measure its voltage and discover zero volts on the emitter. The The other 


elsewhere. Ag nce would then show the shorted condition. Discon- 
necting the capacitor would restore near normal operation, and when the 
capacitor is replaced, the circuit would operate normally. 


As a further example of the complication that can arise in direct-coupled 
amplifiers, let us consider what happens when an open circuit develops in 
one of the audio stages. Assume that the lead connecting R,, and Ry to the 
collector of Q, is broken. 


With the lead from Rj, and Rs, to the Q, collector open, the collector voltage 
drops and the emitter voltage falls to a very low value. The base vol- A J 
tage will also fall in an attempt to maintain the same voltage between base 

and emitter. The base voltage of Q, will rise sharply because Q, is no longer 
drawing any current through R, . This increased base voltage causes an 
increase in Q; collector current. The resulting increase in Q; collector 
current through R,, tends to lower the collector voltage. However, the value 

of R,, is so low that a great increase in current would be required to change 

this voltage greatly. In any instance, it does go down, which lowers the base 
voltage on Q, and increases the collector current through Q,. This, in turn, 

raises the Q, collector voltage. 


If you insert an audio signal at the volume control you will get no output. 
However, an audio signal applied to the base of Q; will produce a normal or 
slightly greater-than-normal output. The conclusion would be that Q, is the 
defective stage. 


I-F and R-F Troubles 


Troubles in the i-f or r-f portion of this receiver would be handled in a very 
similar manner to that discussed for other transistorized receivers. 


Remember, the 1-f frequency in the automobile radio is often 262 kHz rather y 
than 455 kHz as used in most home AM receivers. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


INSTALLING AND REMOVING AUTO RADIOS 


BENCH POWER FOR AUTO RADIOS 


AM AUTOMOBILE RADIOS 


POSITIVE AND NEGATIVE GROUND SYSTEMS 


A TYPICAL AUTO RADIO 


CIRCUIT VARIATIONS 


AUDIO TROUBLES 


. What external connections must be disconnected when removing an auto 


radio for service on the bench? 


. If an auto radio is mounted through the dashboard, what are the normal 


steps in removing the radio? 


. What is the usual cause of “motorboating’”’ when an auto radio is being 


serviced in the repair shop? 


. In the power supply of Figure 2, what change occurs in the metering 


circuits when the range switch is changed from 12 volts to 6 volts? 


. When the power supply shown in Figure 2 is switched from 6 volts to 12 


volts, what change is made in the rectifier system? 


. Permeability tuning is frequently used in auto radios to tune the r-f stage, 


the local oscillator and the mixer. True or False? 


. Most new auto radios use 455 kHz as the i-f. True or False? 


. What would be the result of connecting the jumper plug incorrectly in the 


circuit of Figure 3? 


. When the radio of Figure 4 is tuned to a station at 1600 kHz, specify the 


frequency to which each of these coils is tuned: (a) L,, (b) L, (c) Ly, (d) Ls. 


Does the ave voltage doubler in the receiver shown in Figure 4 produce a 
negative- or a positive-going voltage when the signal strength of the 
received signal increases? 


7520 


Q1 


SERVICING AUTOMOBILE RECEIVERS Q1A 


11. 


12. 


13; 


14. 


1S; 


In Figure 4, reducing the emitter voltage on Q, will (a) increase the 
collector voltage of Q,, (b) decrease the collector voltage of Q,. 


Shorting C,,5 in Figure 4 will cause the current through T, to increase. 
True or False? 


In Figure 4, why does an increase in the Q, collector current reduce the Q, 
collector current? 


List at least three voltages which would be abnormal if C,; were shorted to 
ground in the circuit of Figure 4. 


Assume that R,, (emitter of Q,) shown in Figure 4 were open; explain the 
steps which would be used to find this trouble. 
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If the audio portion of the recover works correctly all the way from a 


the voice coil. 


If no i-f signal passes through the receiver, the troubleshooting can be 
confined to the detector, Q,, Q; and i-f transformers L; and L,.If the 
trouble is in L, or detector D,, the ave voltage may or may not vary with the 
signal, but there will be no audio output. If the trouble is in L; or Q3, the ave 
JoIaZe-will not rise when the signal is imserted.If the modulated i i-f signal 
can be heard from L. onward but no avec voltage 1S developed, the trouble 


is in the avc line. 


Note that both i-f transformers contain two slugs. The primary of the 
transformer is generally tuned fromthe top of the can and the secondary 


Om the bottom. By using the proper er alignment tool, some ‘transformers 
permit both i-f cores to be tuned from one side. 


To check the local oscillator, apply a signal near the center of the band and 
tune the receiver to this frequency. You should hear the signal if the 
oscillator is working. If the trouble is in the oscillator section, no stations 
will be received even thougtthe injected i-f signal may be heard. Notice that 

Open, Q, would not work at at the i-f frequency either — 
ee an ee If the trouble were 


still amplify 262- kHz ces 


ames 


Trouble in Q, (the r-f amplifier stage) would prevent signals from reaching 


> ee a LC aT, Bee =o oe 
the converter. In this situation feeding-signats-into-the base of Q, would 
$$ 


produce an output, but feeding the same signal into the antenna would not. 
This might also result if L;, L, or L; were open, or if one of the capacitors in in 


this section were either open 01 or shorted. 


Once the defective stage has been pinpointed by this method of feeding in 
the appropriate signal to each stage, voltage or resistance measurements can 
be used to locate the defective component. The application of logic to any of 
these circuits will quickly tell you which parts must be checked once the 
defective stage has been isolated for detailed checking. 


To illustrate the application of logic to the troubleshooting process, assume 
that the radio works when signals are applied to Q,, but not when they are 
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This AM-FM auto radio employs an Insulated Gate Field 
Effect Transistor (IGFET) in the r-f amplifier stage as well as 
integrated circuits in the FM i-f strip. 

Courtesy Motorola Inc. 


applied to the antenna. You know at once that your measurements should be 
concentrated in the Q, stage. If the collector voltage in this stage is zero, you 
know there is trouble between the collector and the 11.5-volt supply point. 
You would then move to the junction of R,, R; and R, and check the voltage. 
If it is present here, check on the side of R, that is connected to the collector 
of Q,. If there is no voltage here, the possibilities are reduced to an open 
connection between R, and R, or a short between ground and the end of R, C3 
that is nearest to the Q, collector. An ohmmeter test will quickly tell you 
which defect exists. If it turns out to be a short, you must determine if it is in 
C;, Cs, the transistor, or an Ls short to its case. This you can do by 
disconnecting each in turn and checking with the ohmmeter. 


Conversely, if voltage is present beyond R, but not at the transistor, the odds 
are that L; is open. Again, the ohmmeter will verify this. Similar step-by-step 
procedures will lead you to a defective connection or part anywhere in the 
r-f or i-f section. 


Alignment of auto receivers follows the same general procedure as followed 
when aligning Conventional broadcast receivers. The only difference is 
lower i-f frequency found in most auto receivers. The avc line or the speaker 


can be used for t ication. Always start Wi €lasti-f stage and _ 


oscillator during i-f i-f _alignment_to prevent. interference. Follow the recom- 
mended procedure set up by the manufacturer. With the permeability tuning 


employed in auto receivers, you may have to to adjust both the position of the 

sliig as well as a trimmer Connected across the the coil. The trimmers are > always 

adjusted at the high en and. eo 
CN I a TE a cage Se 


Unless some major component in the i-f or r-f section is changed, a complete 
alignment should not be necessary. However, you might want to touch up 
the alignment if performance indicates that the alignment is off. This can be 
caused by slight changes in component values as they age. The antenna 
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trimmer, C, in the circuit of Figure 4, should be touched up only with the 
receiver in the automobile. C, is usually accessible, so it can be adjusted 
with the receiver mounted under the dashboard. This adjustment is UY 
made at the high end of the band. Pick out a weak station and adjust or 
the best performance. . 


FM AUTOMOBILE RADIOS 


In recent years there has been a considerable increase in the number of 
automobile FM receivers. In metropolitan areas, coverage by FM broadcast 
stations is quite good and many such stations have antennas which provide 
both horizontal and vertical polarization in order to better serve auto radios. 


One of the inherent advantages of FM transmission is improved noise 
suppression in the récéiver. Pulse-type-notse-suct-as that produced by auto 
ignition systems 1s largely eliminated by FM detector circuits. 


Figure 6 is a schematic diagram of a typical FM automobile radio. Beyond 
4 the detector there is no essential difference between an AM receiver and an 


FM receiver. Once the signal has been converted to audio, all circuits work 


in the Same ‘general manner. Frequently, however, a better quality audio 
meooliier is included inthe FM receiver. $8 $= == = 


In the receiver of Figure 6, the audio section uses a push-pull output stage 
with transformer coupling both between the driver and the power amplifier 
and between the speakers and the collectors of the output transistors. 


Note that the voltage applied from the battery is arranged so that the 
common ground within the radio is the most positive point in the circuit, and 
any points to which voltages are applied are all negative with respect to 
ground. PNP transistors are used in the audio stages and negative voltage is 


applied to the collectors of these transistors with the emitters returned to 
ground through resistors. The collectors of the NPN transistors used in the 


r-f and i-f stages have their collectors grounded. Note al also that wherever 


electrolytic capacitors are used for filtering or bypass functions, Ste: positive 
side of the capacitor is tied to ground. 7 
a 


The procedure for isolating trouble in the audio section of this receiver is 
identical to that previously described for AM receivers. An audio signal is 
injected first at the volume control. If there is no output from the speaker, 
& you move the input signal one stage toward the speaker. When you reach a 
. point where normal operation occurs, assume the previous stage to be the 
defective one, and begin your voltage measurements in that stage. If you 
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find any abnormal voltages, turn off the receiver and use the ohmmeter to 
find the defective part or open circuit on the printed circuit board. 


The greatest difference and AM receivers is in the detector 
circuits. The FM detector, usually a ratio detector or discriminator, responds 
to frequency variations, whereas the AM detector resp onds — ae 


variations. 


In examining_the r-f portion of this receiver, n notice that the signal from the 


antenna is applied to the-emitter rather th than to the base of the r-f transistor. 
The output of this stage is coupled to the emitter of the converter stage. 
Thus, the r-f amplifier are operated in the common base 
cGuigufations. Common] base! Geeeiitan iz de-Taver eer eee 
because it tends to reduce the é€ internal capacitance 


transistor, and improves its high-frequency response. An i- p. made up of 
L, and Cys, serves to prevent radiation of the i-f signal. 


The receiver tunes from 88 MHz to 108 MHz to cover the FM broadcast 
band. Cy, resonates L, to the frequency of the incoming station and Cy, 
controls the scillator in conjunction with L,. The oscillator 
frequency is stabilized by an automatic frequency control circuit which 
includes variable capacitance diode D,. 


D,, a varactor diode, acts as a variable capacitor whose capacitance is 
dependent on the voltage across it. A varactor diode is a special type of 
diode that has the ability to simulate a capacitor. As reverse-bias voltage 
(within a specified range) increases, capacitance decreases. 


In Figure 6, C,,, D, and C,, all in series, are connected in parallel with the 
frequency controlling capacitor C43. Because D, has a very small capaci- 
tance compared to those in series with it, it has the greatest effect on the 
total capacitance in this branch of the parallel circuit. This total capacitance 
adds to that of Cyy;. Any variation in the capacitance of D, will slightly shift 


the oscillator frequertcy.— 
Se Ona an NE: SANE 


One of the pro ris that when the applied si is 
exactly at the center frequency to which it is tuned, the detector has zero dc 
output voltage, but when the incoming signati Nter | 


dc voltage is developed at the detector output. The polarity of this voltage 
ecbends-on which way the incoming signal is off center. D, is connected to 
the output of the ratio detector throug 17, If the oscillator drifts off 
frequency, a voltage of the proper polarity is applied to D, to alter its 
capacitance and pull the oscillator back to its original frequency. 
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This receiver uses the conventional FM intermediate frequency of 10.7 
~MHz. 7 he collector of Q, is tuned to this frequency by L;. Notice that L; ~~ 
and L, are mounted in two separate cans, so that there is no inductive 


coupling between them. The two cols are eae coupled rather than 
__transformer-coupled-to : 


Q, and Q, are i-f amplifiers using NPN transistors. Because of the negaie 
olarity of ltage, the age ong with 


collectors returned to ground through a low impedance, resulting in zero ih 
voltage on the collectors of all four-stages. The negative supply ees is 


applied to the emitter circuits of these transistors. Lt 


While Q; appears to be a conventional i-f amplifier, and does provide 
amplification of small signal, the size of the signal when it reaches this stage 
is sufficient to drive this amplifier from saturation to cutoff on any strong 
signal. This is done so that the stage acts as a limiter and the output to the 
detector is of constant amplitude. Thus, no variations in amplitude such as 
those caused by noise reach the detector. 


limiter, the level of this age voltage is constant. But when a weaker signal i iS 
tuned in, the age voltage reduces, and fg voltage is S applied to the base of 
pce? Sieahathariel 


tnt A atlas della 
ot thus increasing its gain. = 
eee ee 


The heart of any FM receiver is the detector. The receiver of Figure 6 uses a 


ratio detector employing two diodes, D, and D,. The i-f signal is developed 
across the primary of specially wound transformer L,, and induces a voltage 
in the untuned tertiary winding. The tertiary winding couples a signal to the 
center of the L, secondary that is in phase with the top of the L, primary. 
This signal is also 90 degrees out-of-phase with either the top or bottom of 
the L, secondary. In addition, the signal from the collector of Q, is 
capacitively coupled to a second primary which is inductively coupled to the 
center tapped secondary of Ly. The audio output appears between the 
junction of Cz, and C3, and the junction of Ry, and Ry, (groun Seep 


When the incoming signal is at the center of the bandpass of this trans- 
former, stabilizing capacitor C, charges to the average value of the signal. 
The symmetrical voltage divider consisting of Cys and Cz9, and Ry, and Rog 
makes the output voltage zero at this time. 


wren frequency mo e carrier to deviate from this center 
frequency, conduction of one diode increases, while conduction of the other 
rg oe sopra era eerie s rts 
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4 
Gg 


decreases. The ratio of the voltages across C3, and C3, changes proportion- 


ally to the instantaneous carrier deviation. Because the rate-of change is. 


controlled by th of the modulating signal, and the amount of 
change is control i ulating signal, tgI 
audio signal is Teco recovere 1 lied through R3) and C; to the volume 
contr ol, R,. 

eee. 


Having examined the basic circuitry of this receiver, let’s consider the 
problems involved in troubleshooting the unit when service is required in the 
r-f or i-f section. When the trouble is in the r-f, i-f or detector sections of the 
receiver, you will be dealing with slightly different servicing problems than 


those found in AM radios. One faetor-that wiltalter_your procedure is that 


you_are dealing with much higher itagoeeee in an FM receiver. For this 


reason, son, replacemen arts 1 section must be po it 
care. Remember that at these Out AO. hee lead dress and lead length may 


seriously affect performance. 


Another difference in your servicing approach is caused by the difference in 


the detector circuit. If you are using a normal amplitude-modulated r-f 

generator, you Cal not obtain audio~ ‘Output merely by modulating the io: 
=e, EE nn EN 

incoming signal because the ratio detector is not affected by amplitude 


modulation. Instead, you must use an unmodulated r-f signal at the FM i-f, 


SEDs TESST ACHE aU LEMNOS, To 1. To give reliable 
results, the input signal must be small enoug eep Q; below the 


saturation level; otherwise, the voltage across C, will remain constant. If the 
detec made at the pus 


he junction of R,7, Cy, and Ds. OG hase 


A failure in the r-f, local oscillator or i-f portio ignals from 
r in ec rting the i-f signal (10.7 MHz) into the base of 
each of the i-f AAS shou identify a defective i- f stage. _ 


If the ‘the signal path through a stage is abnormal but v voltage readings appear 


normal, check _ bypass capacitors as | well as coupling capacitors. 


eon 


Zener diode D, serves as voltage regulator for the emitter voltages on the 


affect 


first two transistors. Voltage ction of R,, and D, should be a 
constant 4.6 volts. Changes in base voltage on either Q, or Q; should not 
IS voltage. 


The schematic shown in Figure 7 represents the FM portion of a state-of- 

the-art AM-FM/STEREO automobile receiver. The multiplex circuitry is . 
not shown, as it is nearly identical to that used in home receivers, and is a 
discussed in another lesson. 
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There are two basic areas of change between the circuits shown in Figures 6 
and 7. These are the method of tuning and the method of 1i-f signal 
processing. 


The FM receiver shown in Figure 6 uses permeability tuning for mechanical 
Stability. e receiver in Figure 7 uses varactor diode tuning. _Varactor 
diodes are also mechanica y ver allow ner to 0 eliminate 


age source. 
WONGEC SOUICE 


Even though varactor diodes are mechanically stable, they are by design 


electrically unstable. A small change in supply voltage also means a change 
in the capacitance-of-each-varactor diode. _ 


In an ac powered receiver, the varactor supply voltage comes from a 
potentiometer, which controls the output of a dc power supply. The 
reasonably stable line voltage and the regulation provided by the dc power 
supply keep drift at a minimum. What few instabilities remain are corrected 
by the afc circuit. 


The supply voltage fed to an automobile receiver varies a great deal more 
than the lin line voltage of an ac receiver. As a result, the simple method- of 
providing v varactor control voltage in an ac receiver is unsuitable for use in 


an automobile receiver. 


Referring again to Figure 7, the problem of obtaining a stable control Voltage 
is solved b ique power supply. A highly stable oscillator circuit 


consisting of transistors Q. >07 and Qyog produces an ac output signal. 
a signal is applied to an ac voltise divider consisting Ob Lig ANG Lgog.leo10 
ermeability tuned and ganged to the recei ol. As the~ 
Se is tuned, the inductance of L,,) is varied. This alters the characteris- 
tics of the voltage divider and provides an ac output that varies with receiver 
tuning. This ac signal is rectified by D,o3 and filtered by a network consisting 
Of Co39, Rosas, Roag and C.4g. The resultant stable dc signal is applied to the 
varactor tuning diodes through individual dropping resistors. 


In this circuit, the varactor tuning diodes are dual diodes. That is, they are 
two varactor diodes in one case, internally connected. The control voltage 
applied to their common tie point affects each diode equally. 


The varactor control is essentially the same for each stage. For purposes of 
simplicity, we will only examine the operation of mixer tuning. Figure 8A 
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shows the L-C circuit preceding the FM mixer. We will assume that trimmer 
capacitor C,,, is fix tuned to 4 pF. The varactor diode has a total range of 4 to 
8 pF or 8-16 pF per section. 


Figure 8B illustrates the direct equivalent of the circuit shown in 8A. The 
two 8-16 pF variable capacitors cover the same range of capacitance as 
VRAC,o,. The only functional difference is that a varactor diode is lower in 
Q than an air dielectric variable capacitor. Figure 8C is the same circuit, 
reduced to its simplest equivalent. The tuning range of 8-12 pF is exactly the 
same as that achieved by placing VRAC,o, in parallel with C,,. 


| | 8-12 pF The second major difference between the circuits shown in Figures 6 and 7 is 
the method 1-f Signal processing. —-—~--————— 


The circuit in Figure 6 used several i-f transformers and exclusively discrete 
Figure i-f components. As shown in Figure 7, the newer i-f circuit is quite different. 
8 After the i-f signal is developed, it is applied to T,9,. T2); shapes the i-f signal 

and couples it into the first crystal filter, through R519. 


The crystal filters are used in place of i-f transformers. They require 
alignment and provide the wide uniform frequency response needed for 
good FM stereo. Q;,, makes up for the tosses-of-the-first crystal filter and 


adds i-f gain. The second crystal filter improves i-f selectivity, while not 
detracting from the response of the i-f signal. 


Uo, is a linear integrated circuit, containing a high-gain multistage i-f 
amplifier, limiter, ratio detector stage and an audio preamplifier/driver. This 
integrated circuit reduces receiver cost and complexity, and delivers more 
gain than the discrete i-f amplifier shown in Figure 6. 


ALIGNMENT OF FM RECEIVERS 


Alignment of an FM auto receiver is basically similar to alignment of an AM 


auto receiver, although the detector requires special attention. In the 
receiver shown in Figure 6, the wide bandw required is a function of the 


design and not generally an alignment problem. The i-f transformers in this 


re r, L;, Lg, L; and Lg, may be aligned by applying a 10.7-MHz signal to 
the emitter of Qs. pond 


of R,; ont line can be used as the indicating device. E 


transformers should be tuned for maximum Output. 


—— 


To tune transformer L, if you are using a standard signal generator rather 
than a sweep generator, connect the indicating device through an isolation 
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resistor of at least 1 megohm to the junction of C3, and Cz, and tune the 
primary of L, for a maximum reading. Then, tune the secondary of Ly» fora 
zero reading. It may be necessary to detune the secondary of Ly, to get a 
reading when the primary is tuned. When the generator is shifted to a slightly 
higher frequency, a positive voltage will be obtained, and below the center 
frequency a negative voltage will appear. A meter having a zero voltage 
center reading is helpful, or an electronic meter can be adjusted to read 
midscale with no input. 


Barer ion be Oot a in, ae0Tz 
an oscilloscope. The generator sho ave a deviation of 400 kHz, a 60-Hz 
sweep rate and 100-kHz markers which can be set to 10.6, 10.7 and 10.8 
MHz. Temporarily disconnect C, and connect the oscilloscope to the 
ungrounded end of Roy. Tune all i-f cans including the L, primary for 
maximum output at the center frequency marker. The markers at 10.6 MHz 
and 10.8 MHz should both be equally spaced down the sides of the response 
curve as shown in Figure 9. This s mmetrical shape of the curve is important 
in obtaini ood audio quality. If one of the markers is Mi c 
of the curve than the other, adjust one or more of the i-f transformers 


MHz occurs. 


10.7 MHz 


10.6 10.8 
MHz MHz 


The waveshape shown in Figure 9 is an idealized drawing. It can seldom be 

obtained in actual practice. The oscilloscope pattern you actually see may 

vary considerably from this. For example, the oscilloscope may invert it. 

The pattern may also show a retrace line. There may also be some 
nonlinearity in your pattern caused by the oscilloscope. Many scopes tend to Figure 
compress the trace on the right side of the screen at slow sweep rates. 9 


The markers may not resemble those shown in the drawing. Particularly 
when positioned on the slopes of the curve, the markers may distort the 
pattern. Keep the amplitude of the marker signal at a low level to minimize 
this effect. 


Once you have learned what patterns to expect from your scope, when the 
receiver being tested is properly aligned, the distortion caused by the test 
equipment is not a problem. When first working with alignment by sweep 
generator you must bear in mind that the patterns, exactly as shown in our yeh 
figures or accompanying servicing data sheets, are not necessarily obtain- 

able on your oscilloscope. 


10.7 MHz 


10.8 
MHz 


To adjust the discriminator using this sweep generator method, reconnect CG, 

and move the scope input to the junction of Cy, and C,, and set the scope 

sweep to 120 Hz. The igure obtained on the osciltoscope should be like that Figure 
shown in Figure 10. The secondary of L, should be tuned to center the 10 
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SWEEP — 


4 
ze manner a 
TRACE aie ry 
» 


This sweep generator includes both crystal and tunable 
marker generators. 

Courtesy Eico Electronic 

Instrument Co., Inc. 


10.7-MHz marker on the oscilloscope pattern. The primary of L, is then 
retouched to obtain the best possible linear slope on the curve. The linear 
portion of the curve should extend out to well beyond the 10.6- and 10.8-MHz 
markers. 


Alignment should only be requi -f or i-f 
Sy. has been replaced. We want to re-emphasize that lead length an 
parts replacement aré important at these frequencies. Misalignment may __ 


resut-f having displaced some components whi Obing the : set 


in search of the n search of the trouble. 


CAR TAPE PLAYERS 


A recent innovation in the auto radio field is the use of cartridge tape 
players. These units reproduce stereo music from prerecorded 8-track stereo 
tapes. Four separate stereo selections are available on the tape, each using 
two tracks. Any of the four pairs of tracks may be selected by the listener, or 
the tape player will switch automatically from one to another at the end of 
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each tape cycle. At a speed of 3°/, inches per second, total playing time for 
one of the cartridges is about 90 minutes. 


VOLUME 
Ri4 2 CONTROL 2 uF 
40 ka. 


CONTROL Ris 
1.2 


Lea 
TONE CONTROL 


TO 
SAME POINT 
OTHER CHANNEL 
AMPLIFIER 


o—Ot 
CAR BATTERY 


Figure 11 


Figure 11 shows a schematic diagram of such a tape player. Only one 
channel is shown because both the left and right channels are identical. The 
circuit from the volume control to the speaker is similar to the direct- 
coupled audio portion of the AM receiver previously discussed. Any 
troubles occurring here can be analyzed in the same manner previously 
described. Remember that in direct-coupled amplifiers, troubles in one stage 
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Tem tability is an important consideration in direct-coupled am- 
plifiers. In this circuit, temperature stability is obtained by using the current 
“threugh Q, to control the bias on Q, through the R,,, Ro» and Ro, network. 
Any increase in current through Q, causes the Q, collector voltage to 
become more positive. In turn, this causes the voltage on the base of Q, to 
become more positive. This NPN transistor then conducts harder, lowering 
the base voltage on Q; and making the voltage on the base of Q, more 
positive. Because Q, is a PNP transistor, increased positive base voltage 
reduces collector current in this stage, thus tending to maintain the original 
level of conduction. 


To explain the operation of the entire circuit, let’s begin at the pickup head 
and trace the signal through to the speaker. Lhe signal prerecorded on the 
maghetic tape in: small audio- P eaneneyaateae tees 
head. This is PT Wart ee Sis a much smaller 
audio voltage than you would be dealing with at the output of a radio’s 
detector, it requires additional amplification. This is accomplished by two 
direct-coupled amplifiers, _ Because the signa evel is very ‘small, a 
low-noise transistor 1s required in the inputs an important 
Cc eravion acing transistors in low- eve au ampliners. Lhe 
frequency response of most tape recordings drops off in the low- frequency _ 
re feedback network consisting of C, an “used to boost the ® 
Tow. Tecgueacies Se Tee eet ane Re see to boost frequency 


response. 


The third stage, Q;, is an emitter follower for impe i urposes 


rather than gain. The output impedance of Q, is too high to feed it directly to- 
the volume control and base of aking the signal developed across Rj, in 


the emitter of Q; gives a much Rete match. 
aD lan lin AAR LE ma a bet 


In_tr this amplifier, remember that it contains two separate 
direct-co upled portions, separated er stage, Q3. The 
volume control is still a good dividing point at which to begi 

(orWand Toward the-speuker-it The Weable iy SUI-evident If the signal is 
normal from there, work backwards towards the tape head. Remember also 


that Figure 11 shows only half of the unit. There is an identical amplifier for 


the other channel in 1 in the stereo system—— REL ELT a 
The only portions of the circuit common to both-channel 


supply—filter-and+t control. The balance control is used to adjust 
the two amplifiers’ relative volume t6 achieve the best stereo balance. 


Many service problems connected with these tape players are not caused by 
the amplifiers. Mechanical considerations involved in the tape transport and 
head alignment can result in unsatisfactory performance. 
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One important cause of inferior performance is a build-up of iron oxide on 


the head and the-drive-capstan. The oxide rubs off of the tapes s and slowly. 
accumulates on any surface in contact with the tape. It must be cleaned off 
occasionally. To do so, use the eraser end of a pencil to close the motor start 
switch, which is normally closed by the insertion of the tape cartridge. Then 
with the motor running, clean both the capstan and the tape head with a 
cotton swab dipped in alcohol or a head cleaner recommended by the 
manufacturer. Do not use carbon tetrachloride. Wipe dry after cleaning with 
a dry swab. A cleaning cartridge may also be used for head cleaning. The 
cleaning cartridge is inserted in the player and allowed to run for a 
predetermined time. After cleaning, the tape head should be demagnetized. 
Narrow demagnetizing tools are available and are ideal for use on cartridge 
players. To use the tool, bring the demagnetizer close to the head, withdraw 
it slowly, and then shut off its power. 


Proper alignment of the tape and the head are very important for good 
reproduction. Each band of recorded information is only about .02 inch wide — 
and the guard band between adjacent tracks on the tape is only .01 inch 
wide. It is obvious that the positioning of the head is critical. Special test 
tapes are available to assist in adjustment of the head to the proper position. 


SS 


Two_adjustments are required to_properly_position—a—head:—a—height 
adjustment to move the head up or down so that it is exactly tracking with 
the prerecorded tracks, an an azimuth adjustment to ensure that the head 


contacts the tape at at the _proper_ r angle. | Misadjustment of the height control 
will cause crosstalk between channels, and misadjustment of 


causes poor high-frequency _ response. 


Both adjustments are generally made with an allen wrench. The setscrews 
are usually located between the flywheel and the motor within the V formed 
by the drive belt. There are any number of test tapes available. Refer to the 


This eight-track stereo tape player has a built-in multiplex 

6 adaptor which permits stereo FM operation when used with a 
conventional FM receiver. 

Courtesy Motorola, Inc. 
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alignment procedure supplied with the tape. The following is typical of such 
instructions: ‘Using a test tape, set the unit to play track 2 and adjust the 
screw for minimum output on the left channel. Next, adjust the azimuth 
screw, using track 6 of the test tape. This contains a continuous 8-kHz note. 
The screw should be set for maximum output on the right channel.” The 
reason for the track 2 adjustment is that the material on this track of the test 
tape is recorded on the guard bands between Channels | and 2 and 2 and 3, 
rather than on track 2. You are making sure there is no pickup from the 
guard bands. 


Two additional adjustments are associated with the head, but usually require 


no adjustment unless the head is replaced. One of these adjusts head tension 
Ar the other positions tae entrenea The positioning adjustment is critical 
to within .005” and should never be tampered with unless accurate gauges 
are available to reset it. 


ve ive motor speed is generally 3000 rpm, which is reduced by the 
fly wheel to the proper speed of 3°/, inches per nd. The motor contains a 
mechanical governor for speed regulation. Field repair of the motor isnot 


recommended. A defective motor should be replaced. 


SWITCH CLOSED 
WHEN CARTRIDGE 
INSERTED 


BATTERY 2 


YS 
ts 


SWITCH ON 
MOTOR GOVERNOR — 


Figure 12 


The motor voltage is supplied by a transistor regulator circui 

one shown in Figure 12. If the motor speed is too slow, this circuit might be 
suspected. The voltage at the collector of this transistor should hold at 
approximately 7 volts. When the motor speed exceeds 3000 rpm, the 
governor contacts open, disconnecting R. trom ground. This raises the base 
of the transistor to the same Taltace applet the emitter, cutting off the 
transistor. No current can be drawn by the motor until its speed falls below 
3000 rpm, thus grounding R;», allowing the transistor to again conduct. This. 
Ere CIN ier eae en a ee ELIE 
included to prevent transient sp Toss the motor from damaging the 


activated whenever a tape cartridge is pushed into the tape player slot. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


A TYPICAL AUTO RADIO 

I-F AND R-F TROUBLES 
FM AUTOMOBILE RADIOS 
ALIGNMENT OF FM RECEIVERS 


CAR TAPE PLAYERS 


Assume that an open connection exists between the primary of L, and R,, 
in the receiver shown in Figure 4. Will the ave voltage at the base of Q, 
vary normally when a 262-kHz i-f frequency is introduced at the base of 


Q.? 


In Figure 4, the voltage at the collector of Q, is found to be zero, but a 
262-kHz signal passes through the receiver when applied to the base of Q,. 
List possible causes of this condition. 


The audio portion of an FM receiver is serviced by the same techniques 
employed in an AM receiver. True or False? 


There is no essential difference between an AM and an FM detector circuit. 
True or False? 


A varactor diode such as that in the afc circuit of Figure 6 changes 
capacitance when the voltage across it changes. True or False? 


Would a measurement of zero volts (dc) on the collectors in the r-f or i-f 
sections of the receiver of Figure 6 indicate trouble? 


The source of the age voltage used in Figure 6 to control the gain of Q, is 
taken from the (a) ratio detector, (b) collector of Q-, (c) base of Q,. 


In a ratio detector such as that shown in the receiver of Figure 6, the total 
voltage across C,, and Cs, remains relatively constant but the ratio of 
voltage between these two capacitors varies at an audio rate. True or 
False? 


Why must the signal level of the generator be kept low if the voltage across 
C, is used as an output indicator in Figure 6? 


If dc voltage measurements appear normal in a given i-f stage but signal 
gain is below normal, what should be checked? 
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26. 


FA he 


28. 


PAL 


30. 


31. 


32% 


aE 


34. 


Fa 


36. 


37% 


38. 


What is the purpose of D, in the receiver shown in Figure 6? 
Varactor diodes are mechanically very stable. True or False? 
What is the function of the varactor oscillator shown in Figure 7? 


Referring to Figure 7, the crystal filters amplify weak signals. True or 
False? 


In Figure 6, when the incoming i-f signal is exactly centered in the 
passband of L, what is the voltage at the junction of C;, and Cs,? 


When a sweep generator and oscilloscope are used to align an FM 
discriminator, at what frequencies should the markers occur? 


At what point on the oscilloscope pattern shown in Figure 10 should the 
10.7-MHz marker occur? 


Tape recordings require an amplifier with more-than-normal high- 
frequency response because of the characteristics of the recording. True or 
False? 


What is the function of balance control R,, in Figure 11? 


Carbon tetrachloride should never be used to clean the iron oxide from a 
tape recorder head. True or False? 


What two adjustments are available to ensure proper tape tracking in 
cartridge tape players? 


What is the correct motor speed and the correct forward tape speed in 
cartridge tape players? 


Is the transistor of Figure 12 operating as an amplifier or as a switch? 
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SUMMARY 


The servicing procedures for automobile radios are quite similar to those for 
home-entertainment radios. Often, the most difficult part of the job is 
removing and installing the radio in the automobile. 


In general, automobile radios are mechanically built better to withstand 
vibration and shock. Variable inductors are used to tune the r-f circuits 
rather than variable capacitors. Also, a low i-f, 262 kHz, is generally used in 
AM receivers to provide high i-f gain. A tuned r-f amplifier is employed to 
reduce image problems. 


The basic service procedure is to inject an audio signal at the volume 
control. This separates the receiver into two sections, audio and r-f. Further 
signal injection in whichever section is defective will reveal the defective 
stage. Voltage and/or resistance measurements can then be employed to 
locate the defective component. 


In recent years, many automobiles have been equipped with FM receivers. 
Although the frequencies are different, the servicing procedures are basi- 
cally the same. Likewise, the basic service procedure holds for the cartridge 
tape players used in many automobiles today. Once a good service proce- 
dure is developed, it can be applied to almost any type of equipment. 
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10. 


Li 


12. 


13. 


14. 


PRACTICE EXERCISE SOLUTIONS 


. The power connection, the antenna lead and usually speaker leads must be 


removed. 


. First, disconnect all external leads. Then, remove knobs and shaft nuts. 


Unfasten the radio from the support brackets under the dashboard and 
remove it. 


. Inadequate filtering in the power supply being used to replace the car’s 


battery or too high an internal resistance in the supply. 


. A shunt is put in parallel with the ammeter to change its full-scale reading 


to 20 amps rather than 10 amps. The voltmeter circuit is unchanged. 


. On 6 volts the system uses a center tap on the transformer and two diodes 


to form a full-wave rectifier. On 12 volts the center tap on the transformer 
is open and a full-wave bridge circuit employing all four rectifiers is used. 


. True 
. False—Almost all new auto radios use 262 kHz as the i-f. 


. All voltages in the radio will have the wrong polarity, and the radio will be 


inoperative. This can also result in damage to some of the circuit 
components. 


. (a) L,—1600 kHz and (b) L;—1600 kHz, both tuned to the frequency of the 


incoming station. (c) L,—1862 kHz—262 kHz above the station. (d) 
L;—262 kHz—the i-f frequency. 


The ave voltage goes in the negative direction as the strength of the 
received signal increases. Thus, it subtracts from the positive voltage on 
the bases of Q, and Q, and reduces the gain of these stages. 


(b) decreases the collector voltage of Q,.—Reducing the Q, emitter voltage 
will increase current through this stage, reduce the base voltage on Q., 
thus reducing current there and increasing the base voltage on Q,. Any 
increase in this voltage reduces the current through Q, and so reduces its 
collector voltage. 


False—There will be no current through T, because it is shorted out by the 
path to ground through the shorted capacitor. 


The current through Q, controls the base voltage on Q., and any decrease 
in the Q; base voltage causes less collector current in Q,. 


The collector and emitter voltages on Q,, all voltages on Q., and all 


voltages on Q, would be abnormal. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


15. The receiver would have no audio output. Inserting an audio signal at any 
base in the audio section would produce no output. Voltage measurements 
would be taken beginning at Q,. Base voltage would be near normal, but 
the collector voltage would be zero. The emitter voltage would be almost 
the same as the base voltage because of the internal connection between the 
two. Checking directly across R,. would show it was open. 


16. No—With this open circuit there is no collector voltage on Q,, so no signal 
reaches the ave diodes. 


17. L, or L; may be open. The printed circuit board may have an open 
between Q, and the 11.5-volt point of the power supply. 


18. True 


19. False—An AM detector is designed to respond to changes in amplitude, 
whereas an FM detector responds to changes in frequency. 


20. True—The capacitance represented by this diode is dependent on the 
applied voltage. 


21. No—All these collectors normally measure zero dc voltage. 


22. (b) collector Q;.—This signal voltage is rectified by D; and then applied to 
the base of Q,. 


23. True—The total voltage is held constant by the stabilizing action of the 
large electrolytic capacitor C,. The ratio of the voltage across C3, and C3, 
changes at the same rate as the original audio modulation. 

24. If the incoming signal is too strong, Q, serves as a limiter and the voltage 
across C, will reach some value and not rise any further with changes in 
gain of other stages or input signal stage. 


25. Any bypass capacitors used in that stage. 


26. D, is a zener diode used as a voltage regulator to maintain constant voltage 
levels on the emitters of Q, and Q.. 


27. True 


28. The varactor oscillator provides a stable ac voltage. That voltage is later 
controlled, rectified and used to bias the varactor tuning diodes. 


29. False—They are passive devices. The crystal filters replace i-f trans- 
formers and never need alignment. 
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1. D- THE I-F FREQUENCY USED IN MOST CURRENT AM BROADCAST AUTOMOBILE RECEIVERS 
IS -- 262 kHz, 
The use of a lower i-f frequency results in a higher stage gain. 


2, A-IN AN AUTOMOBILE RECEIVER EMPLOYING PNP TRANSISTORS AND A NEGATIVE GROUND 

SYSTEM -» THE COLLECTORS ARE RETURNED TO GROUND. 

To reverse bias the collector junction, the collector would be grounded and the emitter connected to le 
the positive supply. 20 


3, D-ASSUME THAT BOTH THE EMITTER AND BASE VOLTAGE OF Q¢ ARE HIGHER THAN NORMAL 
AND THE BASE VOLTAGE OF Qs IS ZERO IN THE CIRCUIT OF FIGURE 4, A PROBABLE CAUSE OF THE 
TROUBLE IS -- A SHORT IN C33. 

With a short in C23, the base of Q, would be at zero volts. This would cut off Qs and raise its collector 
voltage, thus raising the Qg base voltage. This would cut off Qg, raising its emitter voltage. 


4, A-IF BOTH THE COLLECTOR AND EMITTER OF Q> IN THE CIRCDUIT OF FIGURE 4 MEASURE 
ZERO VOLTS, THE TROUBLE IS LIKELY -- AN OPEN IN Lg. 
With Ly open, there would be no supply voltage applied to the Qo collector circuit. 1. 


5, D- IN THE CIRCUIT OF FIGURE 4, C) -- IS SET AT THE HIGH END OF THE BAND. 
C) is the antenna trimmer. It is adjusted at the high end of the band with the receiver in place and n 
connected to the regular automobile antenna. it 


6. A- D> IN THE CIRCUIT OF FIGURE 6 PROVIDES -- AFC ACTION. 
D2 is a voltage variable capacitance diode, The bias on this diode is controlled by the output of 
the ratio detector to keep the local oscillator on frequency, 


7, A- THE MAJOR DIFFERENCE BETWEEN AM AND FM RECEIVERS IS THE -- DETECTORS. 
The audio age and i-f circuits are similar in AM and FM receivers, whereas the detectors are different. 


8. C- WHAT WILL BE THE EFFECT IN THE CIRCUIT OF FIGURE 6 IF C22 SHORTS? -- THE LOCAL 
OSCILLATOR MAY DRIFT OFF FREQUENCY. 

With C22 shorted, no afc voltage will be applied to the D2 afc diode, and the oscillator may drift off 
frequency, 


9, C-IN FIGURE 7, WHAT IS THE PURPOSE OF L2)9? -- ITIS PART OF AN AC VOLTAGE DIVIDER. 
The output of a highly stable oscillator is applied to an ac voltage divider consisting of L219 and L299. 


10, A -IF THE MOTOR GOVERNOR SWITCH IN FIGURE 12 LOCKS IN THE OPEN POSITION -- THE 
MOTOR WILL NOT RUN. 
With the governor switch open, Q7 will be cut off and no current will be supplied to the motor, 


7T520A 


All explanations are the same as for 7520B except for that given below. 


2. A -IN AN AUTOMOBILE RECEIVER EMPLOYING PNP TRANSISTORS AND A NEGATIVE GROUND 
SYSTEM -- THE COLLECTORS ARE GROUNDED. 

To reverse bias the collector junction, the collector would be grounded and the emitter connected to the 
positive supply. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


30. Zero. 

31. 10.6 MHz, 10.7 MHz, and 10.8 MHz. 

32. Exactly at the center point of the curve. 

33. False—The low frequencies must be boosted, not the high frequencies. 

34. The balance control is used to increase the gain in one channel while 
reducing that of the other channel to obtain the best balance and stereo 
effect. 

35. True—Use alcohol or a commercial cleaner available for this purpose. 

36. Height and azimuth adjustments. 

37. Motor speed is generally 3000 rpm and tape speed is 3°/, inches per second. 

38. It operates as a switch in the line between the motor and the battery. When 


the transistor is conducting, it acts as a closed switch or short, and when it 
is not conducting it is equivalent to an open circuit. 
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errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


LESSON CODE 


Example: London is the capital of 


Melos 


(A) England. (B) Russia. (C) China. 


A 
Hiiwes 
7520B < — (D) Germany. 


The i-f frequency used in most current AM broadcast automobile receivers is 
(A) 455 kHz. (B) 10.7 MHz. (C) 4.5 MHz. (D) 262 kHz. 


In an automobile receiver employing PNP transistors and a negative ground system, 
(A) the collectors are returned to ground. (B) the emitter resistors are returned to ground. (C) the 
collectors are connected to the positive supply. (D) the emitters are grounded. 


Assume that both the emitter and base voltage of Q, are higher than normal and the base voltage of Q; is 
zero in the circuit of Figure 4. A probable cause of the trouble is 
(A) a short in Cg. (B) an open Coq. (C) Qs has a base-emitter short. (D) a short in Cos. 


If both the collector and emitter of Q. in the circuit of Figure 4 measure zero volts, the trouble is likely 
(A) an open in Lq. (B) a short in Cg. (C) a short in Cg. (D) an open in Rz. 


In the circuit of Figure 4, C, 


(A) sets the local oscillator frequency. (B) is the local oscillator padder. (C) is set at the low end of the 
band. (D) is set at the high end of the band. 


Dz in the circuit of Figure 6 provides 
(A) afc action. (B) ave action. (C) age action. (D) limiting. 


The major difference between AM and FM receivers is the 
(A) detectors. (B) audio circuits. (C) age circuits. (D) i-f stages. 


What will be the effect in the circuit of Figure 6 if C.. shorts? 
(A) The receiver will be completely dead. (B) The audio output will be distorted. (C) The local oscillator 
may drift off frequency. (D) The local oscillator will be inoperative. 


In Figure 7, what is the purpose of L210? 
(A) It varies the oscillator tuning. (B) To change the i-f frequency. (C) It is part of an ac voltage divider. 
(D) It prevents Qoos from oscillating. 


If the motor governor switch in Figure 12 locks in the open position, 
(A) the motor will not run. (B) the tape speed will decrease. (C) the tape speed will increase. (D) the 
motor speed will remain constant. 
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This mixer and control amplifier, designed for convenient rack mounting, 
provides all the required controls and power needed for a versatile public 
address sound system. 


Courtesy R. T. Bozak Mfg. Co. 
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Life is rich with opportunity, and you elect 
for yourself every morning whether the day 
will be fruitful of results or not. 
—Grenville Kleiser 


SERVICING INTERCOMS AND 
PA SYSTEMS 


Often overlooked when considering opportunities in electronic servicing are 
the fields of public address systems and intercommunication equipment. 
Such equipment varies from small systems designed primarily for paging 
and intercommunications to units large enough to address huge crowds in a 
sports stadium. The units employed vary from simple amplifiers with a watt 
or two of output power and a limited frequency range to installations with 
hundreds of watts of output power, used to drive many speakers and capable 
of high-fidelity sound reproduction. In addition to permanent installations, 
there are portable public address systems available for use at outdoor 
gatherings at temporary locations such as group picnics or political meet- 
ings. 


For the average service shop, public address and intercom equipment 
probably does not constitute a large part of the service business. It could, 
however, be raised to a more significant part of the total business. A few 
shops specialize in work of this type, doing both maintenance and installa- 
tion work on permanent setups and providing portable public address 
systems for rental to clubs, civic groups and individuals. 


INTERCOM SYSTEMS 


Many businesses use intercom systems in both offices and factories for fast 
communication and paging purposes. The ability to reach personnel at many 
points throughout a building is a great convenience. Such installations 
usually consist of one or more master stations which can be used to select 
any other station in the system as a receiver, and a group of slave stations 
which provide talkback and listening facilities. 


Most intercom systems now being manufactured use solid-state circuitry. 
However, some tube-type equipment is still in service. In most intercom 
systems, a single speaker reproduces the sound and also serves as a 
microphone for talking. In a wired system, each slave unit is connected to 
the master station by cable. The master station contains not only pickup and 
amplifying equipment, but also a switching system to allow selection of the 
Stations to be called. 


MASTER/SLAVE SYSTEM 


Figure 1 shows a switching diagram of a typical intercom system which uses 
One master station and a group of substations, or slave units. The system 
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Figure 1 


shown can also be used to distribute background music when not in use as an 
intercom or paging unit. 


In an arrangement of this type, the master unit can be used to call any single 
station or all stations simultaneously. It can also receive replies from the 
station or stations called. The slave stations cannot originate calls. Only one 
amplifier is employed in this system, and it is associated with the master 
station. 


Each slave station in Figure 1 consists of a speaker and a volume control. 
The volume control makes it possible to adjust the sound to the proper level 
for the background noise and size of the area where the station is located. In 
all such systems, the speaker is used both to reproduce the sound and as a 
dynamic microphone for talking back into the system. The switching 
arrangement determines which speaker is connected to the input and which 
is connected to the output. A two-wire line is required between each slave 
station and the master control. However, most systems of this type use a 
three-wire line to allow the communication between two slave units to be 
isolated from the master station speaker. 


Switches SW, and SW, are used to communicate with Stations 1 and 2, 
respectively. These are two-pole, three-position lever switches which may 
be set in either the listen (L), music (M) or talk (T) position. In Figure 1, 
switch SW, is in the talk position, so the master can talk to Station 1. The 
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signal path is from the master speaker, which now serves as a microphone, 
through SW,, and the amplifier to SW,,, and from SW,,; to Station 1. To 
receive a reply, switch SW, is set to the L position. The Station | speaker 
then serves as a microphone, and its signal passes through SW, to the input 
of the amplifier, and from the output of the amplifier through SW,, to the 
master speaker. SW, is set to the music (M) position. Thus, Station 2 
receives the music applied to the intercom system. 


ALL-MASTER SYSTEM 


Figure 2 shows a more elaborate switching arrangement that permits any 
station to originate calls to any point in the system. Here, each master 
station is entirely independent, including a separate amplifier and switching 
panel. Although this system is more versatile, it is also much more 


expensive. 
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Figure 2 


In this system, the individual units are identical. The various stations are 
established by selecting the connections on their terminal strips. For 
example, in Station | of Figure 2, terminals 2 and 3 go to the master (M) 
terminals of Stations 2 and 3, respectively. There is no connection to 
terminal | since this station has been designated as Station 1. Instead, the M 
terminal of Station | connects to terminal 1 on Stations 2 and 3. 
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The same applies for Stations 2 and 3. The M terminal of Station 2 connects 
to terminal 2 of Stations 1 and 3, and there is no connection to terminal 2 of 
Station 2. The M terminal of Station 3 connects to terminal 3 of Stations 1 
and 2, and there is no connection to terminal 3 of Station 3. The common, or 
ground, terminals of all stations are connected together. 


Figure 2 also shows how Station 1 would initiate a call to Station 2. Switch 
SW, in Station 1 is in the talk (T) position, and all other switches are in the 
listen (L) position. The speaker in Station | is connected through SW,, to the 
input of the amplifier, and the amplifier output connects through SW,, to 
terminal 2 on the terminal strip, through the connecting cable to terminal M 
on the Station 2 terminal strip, and through SW,, to the Station 2 speaker. 


In the arrangements of Figures 1 and 2, additional stations can be added up 
to the limit of switch positions on the control panel. In our examples, we 
have limited the number of stations shown, for simplicity. However, most 
master stations can handle a larger number of stations. 


With the slave and master system of Figure 1, a two-wire line is required to 
each station. With the system of Figure 2, each station must be served by a_ 
cable containing one common line and one line for each station in the 
system. Thus, a five-station system similar to that of Figure 2 would use 
six-wire cable. 


A master intercom for industrial use. A large number of 
stations can be selected by the row of lever-type switches. 
Courtesy Rauland-Borg Corp. 
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INTERCOM AMPLIFIER 


Figure 3 is a schematic diagram of a transistorized amplifier suitable for use 
in the master station of Figure 1 or for each unit in Figure 2. This amplifier 
includes three stages of amplification, followed by a push-pull power output 
stage. When the speaker is used as a microphone, input transformer T, 
provides the required impedance matching. After the intercom has been 
returned to the listen mode, the same speaker is matched to the output 
circuit by output transformer T3. 


Mele 


Figure 3 


The input stage, Q,, operates as a conventional common emitter amplifier. A 
portion of the Q, emitter resistance, R;, is unbypassed to provide negative 
feedback. Q, and Q, form a direct-coupled amplifier. R,,, connected to the 
Q, base from the junction of R,, and Rj, provides feedback from the emitter 
circuit of Q, to base circuit of Q,. If the average current through Q, 
increases, the base of Q, becomes more negative. This increases the current 
through Q,, which, in turn, increases the voltage across R,y. This reduces the 
base voltage of Q,, causing it not to conduct as heavily. This feedback helps 
to stabilize the operation of both the Q, and Q, stages, and prevents the 
thermal runaway of these stages. 


Negati k is used in this amplifier to improve the audio quality. The 
voltage developed across the upper secon mdi tput 
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transformer is fed back to the emitter of Q, through C, and R,,. This voltage 
is 180° out-of-phase with the original signal voltage at the emitter, and thus 
serves as degenerative feedback. 


Degeneration, or negative feedback, reduces the gain of an amplifier in 
proportion to the amplitude of the output signal. For example, if the basic 
amplifier has a tendency to attenuate high and low frequencies in com- 
parison to midrange frequencies, there will be less feedback voltage at the 
high and low frequencies. Therefore, the amplifier gain increases at high and 
low frequencies, resulting in more uniform response over the entire audio- 
frequency range. 


Negative feedback also reduces any distortion introduced within the feed- 
back “‘loop” (the Q,, Q, and Q; stages). This is because the signal fed back to 
Q, will contain distortion of opposite polarity and will cancel a large portion 
of the original distortion. 


When an intercom speaker is used in the “‘talk’’ mode, sound waves striking 

. the speaker cone cause the cone to vibrate. This moves the voice coil in the 
field of the speaker magnet, inducing an ac voltage in the voice coil at the 
frequency of the sound and at an amplitude proportional to the loudness of 
the sound. Which speaker acts as a MIC and which as a sound reproducer 
depends on the positions of the switches on the control panel. 


The amplifier may be serviced in the same manner as any other audio 


amplifier. Using the-signal-substitution approach, you can feeda signal from 
an audi ner the base of Q,. If this signal does not produce an audio 


tone from the speaker, apply it to each base in turn, working toward the 
output, until you hear the sound in the speaker. Remember that with direct 
coupling, as in the Q, and Q, stages, trouble in one stage will also alter the 
voltages in the other. 


If a unit works satisfactorily as a listening station but not as a talkback unit, 
the difficulty must be either in the switching setup or in the input com- 
ponents associated—withtransformer T,. The switching unit can easily be 
checked with an ohmmeter. The interconnecting cables that run from one 
unit to another are connected to a terminal block behind the switch panel. 


A slave unit contains only the speaker and volume control. The unit can be 
checked by connecting it as a speaker for any audio amplifier. To check the 
line between stations, you can substitute a known good speaker at the slave 
station end of the line, or short the two wires at one end and use an 
ohmmeter to check for continuity at the other end. 
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WIRELESS INTERCOM 


The systems described up to this point require connecting cables between 
the various units. Wireless intercoms such as that of Figure 4 are also 
common. No interconnecting cables are required between units of a wireless 
system. The ac line serves to distribute the signal. The audio signal produced 


by the micr oO modulate a 200-kHz ier enerated by-an 
oscillator. The modulated carrier is coupled into the ac line. If another unit is 
connected to the same ac power line, it will receive the signal and produce an 
audible output. 


SPK/ MIC 
450. 


O O 
SW, TALK 


Rig 
SQUELCH 500k. 
D2 


Figure 4 


To analyze the operation of the unit of Figure 4, let us first consider it as a 
listening station. The various sections of switch SW, are then in the 
positions shown. The signal from the sending station is coupled from the ac 
line to L, through C, and C,. C, and the bottom winding of L, are resonant at 
the 200-kHz frequency of thé imcoming signal. The signal voltage appearing 
across the bottom two windings is demodulated by diode detector D,. The 
200-kHz component is filtered out by C;, and the audio portion appears 
across volume control R,;. The audio signal is fed from the movable contact 
of R,; through C, to the base of Q,. Q, and Q, amplify the audio signal, and 
T, couples it to the speaker. 


When switch SW, is in the LISTEN position, Q, develops a cutoff bias on Q, 
until a signal of predetermined amplitude is received. This is referred to as a 
secu Seabees bath 
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squelch system,-and_its purpose is to provide quiet operation by eliminating 


noise when no 200-kHz carrier is being received. The squelch control, Ris, 
determines the bias on Q,, which controls the amount of collector current of 
Q,.. Since the collector of Q, and the base of Q, are directly connected, the 
collector voltage of Q, controls the base voltage of Q,. The squelch control 
is set so that no signal is passed if a 200-kHz carrier of the proper amplitude 


is not is not present. | When a 200-KHz signal of sufficient amplitude is received, the 
ue positive voltage developed at the ee end of volume control Rj; is” 


As a result, the base of Q, ete more ars a 5 conducts 
nn 

normally. 

2A paamme 


Now let us consider the situation when the unit of Figure 4 is originating a 
signal and the other stations in the system are used for listening. Switch SW, 
must be set to the TALK position. The operator talks into the speaker and 
the voltage developed across the speaker voice coil is applied through C, to 
the base of Q,. This signal is amplified by both Q, and Q, and used to 


modulate Q,, which is now operating as a 200-kHz oscillator. 
Pl a Bel BS ee a eS an SS eo ea 


Notice that switch section SW,, opens the detector input when transmitting, 
and connects the resonant circuit consisting FOL. _C, and - and the bottom two 
windings of L, through switch section SWi¢ to “the base e base of Q;. Feedback 
Secure from the collector to the base of Q, because of the coupling between 
the upper two windings on L,. This causes transistor Q, to oscillate at the 
frequency of the resonant circuit. The modulated signal from Q, is coupled 


to the ac line by the inductive coupting-betweenr the collector section of L, 
“and the L, primary winding, an n throu wand C,, Lhe col Ofel,is 
made adjustable so t frequency of the carrier can be varied to put all 


the stations on the same frequency. 


T ountered in the wireless intercom shown i in Figure 4 may be in 
either th oscillator sections of th : i 


LISTEN position, if there is no sound from the speaker when an audio signal 
is introduced at the base of Q,, the trouble must be in the Q, stage. 
Possibilities would include a faulty output transformer or speaker, shorted 
or open transistor, or an open circuit in the emitter or base of Q;. Voltage 
readings and resistance tests could be used to pinpoint such troubles. 


If there is sound from the speaker when an audio signal is applied to the base 
of Q;, but not when the signal is applied to the base of Q,, checks should 
include the effects of the squelch control circuit. Adjusting R 


you to vary the-base-voltage-of_Q,-beth above and below the negative 
voltage on its emitter. _ 


If the audio checks prove satisfactory, the next step is to apply a modulated 
200-kHz signal across the two lower secondaries of L,, and check the 
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detector. A positive voltage should be developed at the ungrounded end of 
the volume control. 


allure of Qu to oscillate when the switch sine position would be 
shown by the lack of a positive voltage on the base of Q,. This might result 
from trouble either in the tuned section of L,, in the switching circuitry or 
with Q, itself. 


Probably the most common complaint with a unit of this type is ac line noise 
while a signal is being received. It is not practical to filter out all the noise at’ 
the receiving end. If the source of the noise can be isolated, it can be more 
easily eliminated between the line and the appliance causing the noise. 
Commercial line filters are available for such purposes, and they usually 


prove adequate in eliminating noise from most small appliances. 


PUBLIC ADDRESS AMPLIFIERS 


Audio amplifiers used in public address system installations are available in oe 

a wide variety of power ratings and price ranges. Many public address 

amplifiers in service at the present time are of the vacuum fube variety. 
—— ey eS ns ee 


nase 


This small solid-state PA amplifier is designed for mobile 
applications, and operates directly from the vehicle’s 12-volt 
power supply. 


Courtesy Lear Siegler, Inc. 
Bogen Communications Div. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


INTERCOM SYSTEMS 
MASTER/SLAVE SYSTEM 
ALL-MASTER SYSTEM 
INTERCOM AMPLIFIER 


WIRELESS INTERCOM 


. What are the two functions of the speakers in the slave units of Figure 1? 


. In the intercom system of Figure 1, a slave unit can be used to call any 


other unit in the intercom system. True or False? 


. Assume that the master unit is calling Station 2 in Figure 1. Trace the 


signal path from the master speaker to the Station 2 speaker. 


. Assume that Station 3 is being used to call Station 2 in the all-master 


system of Figure 2. Trace the signal path. 


. When wiring an all-master intercom system such as that shown in Figure 


2, how many wires would be required in the cable if there were 10 stations 
connected to the system? 


. If the primary winding of T, in Figure 3 were open, what would happen to 


the collector voltage of Q,? 


. If the frequency response of either T, or T; of Figure 3 falls off at a rate 


such that a 5-kHz audio signal receives only half as much amplification as a 
1-kHz audio signal, what will be the relative strength of the feedback 
voltage at these two frequencies and what effect will this have? 


. In Figure 3, will the negative feedback through C, and R,, reduce 


distortion in the Q, stage? 


. In the slave-master intercom system of Figure 1, would a listener at Station 


2 normally hear a conversation between the master station and Station 1 
when the switches are in the positions shown? 


An intercom system consists of the amplifier of Figure 3 and the switching 
system of Figure 1. Both slave stations receive the music distributed when 
the intercom is not otherwise in use. The master station can call Station 1 
but not Station 2. What parts of the system should you check to locate the 
fault? 
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11. Why does the system of Figure 4 require a detector, whereas that of Figure 
1 does not? 


12. Assume that it is necessary to replace diode D, in the intercom of Figure 4. 
Is the polarity of the replacement diode important? 


13. Which circuit components determine the frequency at which Q, will 
oscillate in the circuit of Figure 4? 


14. Why is the slug in L, of Figure 4 made adjustable? 
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Since high power is usually one of the requirements of a PA system, tube 


‘amplifiers-of Spush-pull v: variety are \ are very re very common in this type of of se service. 


The amplifier used in a typical wired intercom installation might be adequate 
for some public address functions. Most PA amplifiers, however, are higher 


power amplifiers, usually with more versatile input control. Separate faders 


and mixer stages for at least two microphones, plus a tape player or 
turntable, are common. 


C13 


Figure 5 


The amplifier of Figure 5 can accept two MIC inputs and an auxiliary input 
which might come from any preamplified source such as a tuner, tape 
recorder or phonograph. There are individual gain controls on the front 
panel for each input device. The 220K ohm resistors in series with each 


ERTS prevent interaction between ue con gnats from any or all of 


puts are co ed at the gri >, and the output of V, is fed to the 
ae control network. 


Acoustical problems and different types of speaker systems in many meeting 
places require the amplifier to be able to provide something other than a flat 
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frequency response. Reverberation from ceilings and walls may be severe at 
low frequencies, or feedback problems may arise if the microphones can 
pick up sound from the speaker system. Adequate control over the 
frequency response of the amplifier can help materially in dealing with these 
problems. 


As is typical of most public address systems, the unit of Figure 5 employs 
separate bass and treble tone controls. Many tone control circuits are 
attenuators, and they should therefore be located in a part of the circuit that 
is followed by a stage providing adequate compensating gain at all fre- 
quencies. In this amplifier, the V. signal amplitude is more than that required 
to drive V3,. The two tone controls determine what part of the signal 
actually reaches the Vs, grid. Let us consider how both a high-frequency 
signal and a low-frequency signal are affected by the controls. 


Consider first a 5-kHz signal which is in the treble range. The network that 
controls this signal is redrawn in Figure 6A. In this drawing, the coupling 
capacitor values have been replaced by their reactances at 5 kHz to show 
more clearly the voltage divider action. 


Figure 6 


A small portion of this 5-kHz signal reaches the V3, grid through the bass 
control by way of Ris, Xc,, and R,,. This signal level is relatively constant, 
regardless of the setting of the bass control, since the control is bypassed 
by X¢,, and X-,,. However, the amplitude of this portion of the treble signal 
is not large enough to have much effect on this output. 


Most of the treble signal is controlled with R,;. The treble path here is from 
C, through Xc,,> paralleled by portion of R,,; above its movable contact 
and through X¢,, to the grid of V;,. When the movable contact is near the 
top of Ri;, Xc¢,, and X-,, combined have a reactance at 5 kHz of about 250K 
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ohms, and the path from the grid of V3, to ground is greater than 700 kQ. 
Consequently, about 70% of the incoming 5-kHz signal appears at the V3, 
grid. 


AS ovable contact 1 rd_so that it is nearer to_ 
ground, the effective ies with the V3, grid is raised, the 


resi und _is lowered, and less of the high-frequency 
signal voltage reaches the V,, grid. When the movable contact is at the 
grounded point on the control, only about 10% of a 5-kHz signal is present at 
the V3, grid, and about 90% of the signal is lost across X¢,,. 


Suppose now that the treble control R,; is set so that the movable contact is — 
below the ground tap. The effect is somewhat different since now we are om 
altering the feedback network at high frequencies. de 


The negative feedback signal is taken from the top of the master gain 
control, R,,, and fed to the grid of V3,. It is 180° out-of-phase with the 
original signal at this point. Consequently, any increase in this feedback 
reduces the gain of V3,. 


For a high-frequency signal, the feedback network consists of Ryo, Xc,, and 


Ry, Series whenever the movable contact of R,; is above the ground tap. 

applied through X<__. The amount of feedback tan be increased until the 
gain of V3, barely exceeds 1. That is, the signal reaching gain control Ro, is prod 
only as great as that reaching the grid of V;,. This is, of course, much 3 
smaller than the signal entering the attenuator at Cy. We can therefore \ 
greatly reduce the amplitude of high-frequency signals, if desired. — 


The path for low-frequency signals is quite different. So little of this type 


signal follows the path we have described that the position of the treble 
control has virtually no e ect on signals below 500 Hz. 


Let us look at the circuit when a 100-Hz signal is present. Figure 6B shows 
the path for such a signal, with the capacitors again replaced by their 
reactances at this frequency. When the movable contact is at the top end of 
bass control Ry , Cy. is effectively shorted, C,, is in parallel with the bass 
control, and the bass signal voltage divides between R,, and the resistance to 
ground, which is now equal to about one megohm. Thus, approximately 80% 
of the signal reaches the V3, grid, and the remaining 20% is dropped across 
Rie 


Conversely, when the movable contact is at the bottom of Rj», Cy; is shorted 
out and X¢,, is in parallel with the control. The voltage divider now consists 
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R 


TREBLERi7 
(BOTTOM HALF)$250 ka. 


Figure 6 


of Rig plus the parallel combination of X-,, and Rj, as the loss element, and 
only Ry» and the bottom section of treble control R,, in series to ground. 
About 70% of the bass signal is lost and 30% reaches the grid. The 470K ohm 
resistor, R.;, prevents the position of the bass control from affecting the 


treble response. 
>, 


The feedback at low frequencies depends on the setting of the bass control. 
The > Roo and the portion of Rig vat_is below the 
setting of the movable contact. It is possible to reduce the gain to near | at 


low frequencies. 


The master gain control of the circui igure 5 is a standard volume 
control circu fA V3, and V3,. Since all inputs must pass through this 
stage, the control sets the overall level of the amplifier, regardless of which 


input is in use. 


Vasa and V4p serve as a phase splitter so that the signals delivered to the grids 
of V; and V, will be 180° out-of-phase. The grid of V4, is at signal ground due 
to Ahe bypassing effect of Crp. ‘A positive-going signal at-the-grid-of-V,,.. 


causes an Increased voltage rop across common cathode resistor Reo) nis 
causes current through V4, to decrease because its grid is tied to signal 


ground by C,,;. Therefore, the voltage at the plate of V,, increases whenever 
the voltage at the plate of V,, decreasés—In this manner, a phase inverter is 


obtained to drive the output tubes, Vz and Vg. 


The e employs V; and V, in a push- 
configuration. Here again, a common cathode resistor is used, but it is 


asse | e electrolytic capacitor so that both cathodes are 
ffectively at signal ground. The 2.7K ohm resistors in the grid circuits, R3,~ A 


and Rj, are used as itic suppressors. 
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The amplifier negative feedback loop is from one secondary winding of the 
output transformer, back to the cathode of V3. This feedback improves the 
frequency response and tends to cancel any distortion occurring within the 


feedback cedback loop. ‘Notice that only a small portion of the output signal actually 


appears ppears at the Vox Cathode because Ryo and Ry; form a voltage divider, with 
Re ee ee f the feedback voltage dropped across R35. 
nae 2 A aS 


The taps on the output transformer secondary windings provide impedance 
matching for speakers of different impedances. 


CONSTANT VOLTAGE LINE 


For the amplifier that we have just studied, a separate winding is provided 
for what is called a 707-volt constant voltage line. This winding is used in 
many public address amplifiers, but is seldom used in home high-fidelity 
equipment. In some syst z e is 25 volts, and some 
amplifiers provide both 25 and 70.7-volt taps on the output mensinsnioe, 


To understand the need for such a line and to see how it works, let’s consider 
an installation in which the same amplifier supplies sound to several 
locations. One of the speakers is located in a small room where the noise 
level is normally very low. Only a watt or two of power to the speaker will be 
adequate for this area. Another speaker from the same sound system is used 
to supply the same music to a large hall where several hundred people are 
eating. The larger size of the room plus the greatly increased background 
noise level requires that this speaker supply many more watts of sound 
power than needed in the small room. This is accomplished by using the 


constant_yoltage line and matching transformers foreach Speaker. Fhe— 
Output impedance of a modern audio amplifier is st_always a low 


imped e, A low impedance source is also a constant voltage 


source. Therefore, the 70.7-volt winding of the output transformer provides 
a constant voltage source. ively high constan 
source (70.7 or 25-volt winding) makes it easy to obtain different amounts of 


power for each speaker in the system by connecting each speaker to this line 
through its own matching transformer. The matching transformers usually 


have taps that allow different amounts of power to be applied to the speaker. 


uired to drive all the speakers connected in parallel 
across the line does not exceed the power capability of the amplifier, each 
will receive the correct amount of power. Line matching transformers are 
also available with taps that allow use with speakers of different im- 
pedances. Specifications for a typical line matching transformer are as 
follows: 
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70.7-volt line to voice coil transformer wattage taps: 10,5, 2.5, 1.25, .62 
secondaries: 4, 8 or 16 ohms. 


The formula for calculating the required primary impedance of a matching 
“transformer iS: 


aa} 
_— B ~ 


| E,? | 
\ohnagae aryl 
where: Zp is the primary impedance in ohms, 


Ep is the primary voltage in volts, and 
Py is the secondary power in watts. 


For use with a 70.7-volt line, this becomes: 


_ 5000 
Bin Ps 


Assume that one speaker requires 10 watts, and only 2 watts are required for 
another one. The first speaker requires a matching transformer whose 
primary impedance is: 


_ 5000 
Vb S, 
* 10 = 500%) 
and for the second transformer: 
_ 5000 


Lp 7 Ty = 25000. 


The transformers must also match these primary impedances to the voice 
coils of the speakers being used. Matching is accomplished by the proper 
transformer turns ratio-—— 


The turns ratio (N) of the matching transformer is determined by dividing the 
primary impedance (Zp) by the secondary impedance (Zx), and then obtain- 
COMM 


neathegs ALE ONP o Men a. = 
| Le 
N == 
a 


An ordinary audio output transformer that is intended to matcha speaker toa 
plate circuit of the desired primary impedance would work quite satis- 
factorily. 
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Advantages of the constant voltage line system are that the speakers may be _ 


“of any impedance, and the power maybe divided up in any desired manner 
as lon as the total required power does not exceed the capabilitie Sof the 
amplifier. Another important advantage is that any speaker may be removed 
ager oul ral ecting tren emma Ie sane eT 
not true where several speakers are connected in series or parallel across 

Reeedance-cutbuliransformer abs) 


low impedance output transformer taps. 
Edo tei leh ed tated sk 


SERVICING PUBLIC 
ADDRESS AMPLIFIERS 


The servicing problems encountered with public address amplifiers do not 
differ appreciably from those of any audio equipment. Remember though 
that the customer may be greatly inconvenienced by even a temporary loss 
of service. 


If you maintain any such equipment on contract, or even on a regular basis 
without any contract, you should certainly stock all of the tubes used in the 
equipment. You should also be prepared to replace any other part of the 
amplifier on short notice. 


When signal tracing in such an amplifier, the master gain control is a logical 
point fo start—Any failure beyond this point will affect all signals. Any 
distortion, lack of high-frequency response, or loss of gain ona signal fed in 
pee ee ncicates trouble between the master gain control-and the 
speaker. On the other hand, if the amplifier performs normally when a signal 
is injected at this point, you have cleared all stages from the master gain 
control to the output. 


We will not attempt to analyze all the possible troubles in an amplifier, but 
let us look at a few in the stages beyond the master gain control. In the 
circuit of Figure 5, failure of V3, or V, will result in no output when an audio 
signal is applied to the master gain control. If V4, is working but V4, is not, 
serious distortion will result, but some signal will be heard. The same is true 


if one of t e output tubes fails, and the system 1s driven igh output levels. 


Voltage checksin_the amplifier should include plate, screen and cathode 
voltages of any stage that is suspected of malfunctioning. Note that with the 
large cathode resistor of V,, and V;,, the cathode voltage is unusually high. 
This is why the positive de plate voltage of V3, is applied through R., to the 
grids of V4, and V4,. 
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The actual actual voltage on the grids of V,, and V4, is identical to the plate voltage 
of Vsn, since there is no dc de path to ground and therefore no de current 
TS aero enon asa a meter is connected to the 
grids of either V,, or V4,, there is a path to ground through the meter, and 
grid voltage cannot be measured accurately without a high input impedance 
meter. In this particular amplifier, measuring the voltage to ground at 


opposite ends of R,, would show a difference of about 35 volts, although 
measuring the voltage across R,, would indicate zero voltage. 


Situations of this kind arise occasionally even with a high impedance meter, 
and with a typical 20,000 ohms-per-volt meter, they will occur often. The 


esence of the metering instrument must be taken into account when 
determining the difference between the observed reading and the actual 
voltage present. 


Let us assume now that a defect occurs ahead of the master gain control, 
and signals inserted at the master gain control provide normal output. The 


tone control circui cked by feeding 1 signal at Cy. To 
determine if both tone-controls_work normally, it is necessary to use both 


high- and low-frequency audio signals. @ 


I faulti it should be relatively easy to find because there are 
three separate_signal inputs, each with its own level control. Assume that 
signals applied to the MIC I input provide normal output, but the same 
signals applied to the MIC 2 input do not produce normal output. The trouble 
must be in some of the circuitry associated with V,,. In this stage, voltage 
measurements and, if necessary, resistance measurements should isolate the 
trouble. 


Remember that the trouble may be in the microphone or other input device. 
Switch the two input devices, and if the trouble moves from one channel to 
the other, replace the microphone. Repair of microphones usually should not 
be attempted in the field, except to check for faulty connection between the 
MIC and the amplifier. Also, check to make sure the cable is not open. If the 
trouble is with the MIC itself, and a simple repair does not seem possible, 
supply a replacement. Then, either return the defective microphone to the 
manufacturer for service, try a replacement element, or discard it, which- 
ever seems appropriate. 


As in all electronic servicing, the key to efficient troubleshooting is a 
systematic isolation of the affected stage, followed by point-by-point a 
measurements to determine the defective component. 
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SELECTING THE PROPER MICROPHONE 


In selecting and installing any public address system there are other 
important considerations besides providing enough amplifier power to fill the 
hall or outdoor area involved. We have already mentioned versatility in the 
input circuit to handle a variety of signal sources. An amplifier intended for 
use by a single lecturer, such as in a system built into a speaker’s lectern, 
does not require multiple inputs or faders. On the other hand, trying to cover 
a choral group with a single microphone is rarely satisfactory. 


Another important consideration is frequency response. The cost of true 
high-fidelity equipment would certainly not be justified if the amplifier is to 
be used only for paging. A response of about 100 to 5000 Hz is adequate for 
paging. For musical reproduction, somewhat better fidelity is required. 
However, there is no point in using an expensive high-fidelity amplifier and 
then employing speakers which have limited frequency response. Adequate 
musical reproduction for most systems can be obtained with ampli 


‘which have a relatively flat frequer 100 to 18,000 Hz. 


The microphone and the speakers are two 0 rts of the public address 
installatio attention. Microphones used in public 


address applications vary widely in their characteristics, depending on the 
purpose for which they are designed. For example, an entirely different type 
of microphone is used in applications that require only voice pickup over 
small distances, compared to a MIC pal is required to pick up a full 
orchestra in a large hall. 


Microphones differ in impedance, output level, frequency response, ability 
to cancel noise and sound pickup pattern. Microphone impedances may vary 
from 50 ohms to 50,000 ohms. Many MIC’s can be connected for either high 
or low impedance use. Where long connecting cables are used, a low 
impedance MIC will have less loss of high frequencies and less noise pickup 
Reeds ean tay ctor ise Towtiminedance mictophoues except Tor 


those hand-held types intended for voice operation. 
ee mee ee 


Microphone frequency response may vary from those that have a rapid 
fall-off above 3000 Hz to those capable of flat response beyond 15,000 Hz. 
OE RR number of decibels. This 
means that the MIC output must be amplified by that many « y dB to reach the 
reference power level of 1 1 milliwatt. Most MIC’s have output tlevels between 
—50 and —60 dB. 

Seas as tee A ow a an 


These low output levels indicate that a great deal of power amplification is 
required between the an e€ speaker system. However, most am- 
quired between tne MIL al ‘ sets EMS 


7525 
21 


SERVICING INTERCOMS AND PA SYSTEMS 


plifiers have sufficient gain for use with MIC’s that have output levels of only 
—60 dB. 


The _pickup pattern of a given microphone is quite important in public 
addre 3S_Ssystems; Most microphones—currently-used-in-PA systems have> 
some form of cardioid (heart-shaped) pickup pattern, like that shown in 
Figure 7. The line surrounding the microphone in this figure represents 
points at which a sound of equal intensity would produce equal voltage 
output from the microphone. If the sound source is outside this area, the 
MIC’s pickup falls off rapidly. 


we Me 
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Figure 7 


Notice that in this typical pattern, the area behind the MIC has very little 
pickup. This is highly desirable in public address installations, since it 
prevents the MIC from picking up sound from the loudspeakers (acoustic 
feedback). If the MIC had equal pickup in all directions, the sound from the 
speakers, even at a considerable distance from the MIC, would be louder 
than the original sound. Acoustic feedback would occur, and intelligible 
reproduction would be hard to achieve. 


For most PA applications, a dynamic MIC with a cardioid pattern is the most 


eporooiaie selections Csi] a corner baliOo Sea 
“losertalkingepplicatidus sw lett! opie cites eelaat severe problem. In 
general, these types provide higher output levels but less directional pickup. 
Most ceramic MIC’s do not have sufficient frequency response for high- 
fidelity music reproduction. They are sometimes selected for hand-held 
applications because they are less delicate than dynamic microphones and 
will stand greater abuse. They are also considerably less expensive than 
good quality dynamic microphones. There are other types of microphones in 
common use, but they are seldom employed in PA system applications. 
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LOUDSPEAKERS 


The loudspeakers used in public address installations also vary widely in 
their characteristics. An outdoor speaker installation for a sports stadium 
presents different problems than an installation intended for background 
music in a restaurant. 


For a stadium, high-efficiency horn speakers capable of handling high power 
and concentrating the sound in the given area are desirable. Frequency 
response here is much less important than the efficient conversion of 
electrical power to sound. For a restaurant, wall baffles with relatively 
low-power cone-type speakers would be placed at several points in the 
room. Relatively good frequency response is a requirement for these 
applications. 


All types of speakers are relatively inefficient devices. d cone 
‘speaker may-have_a very-low-efficiency-usually below 5%. A bafile rai 

efficiency somewhat, but it is still lower than desirable. A good baffle 
mounting with the directional characteristics might achieve 20% efficiency in 


The reflex trumpet shown above is designed for both indoor 

and outdoor applications. The reflex design of the speaker 
provides an efficiency of about 35%. 

Courtesy Lear Siegler, Inc. 

Bogen Communications Div. 
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converting electrical power consumed by the speaker into actual acoustical 
power. With use of a highly directional horn that confines the sound to a 
narrow area, efficiency can be boosted to 35% or more. 


In placing loudspeakers to cover a given audience, there are several factors 
to consider. As far as possible, try to achieve even distribution of sound 
throughoutthe auditorium. Avoid making the volume uncomfortably loud 
near the front of the auditorium in order for those in the rear to be able to 
hear. 


On the other hand, if a lecturer or performer can be seen by the audience, it 
is desirable for the voice to sound as though it comes from the stage. It is 
quite distracting to watch a performer far in front of you while hearing his 
voice from behind your shoulder. 


For outdoor installations, it is obviously important to choose a speaker 
system which will not deteriorate due to weather. Metal or weatherproof 
plastic horns usually are best for use in these systems. 


An additional consideration in the selection and placement of speakers is the 
acoustical characteristics of the area covered. In locations where sound 
distribution was not an architectural consideration, severe limits may be 
imposed on the system that is used. Reverberation of sound from hard, 
reflective surrounding surfaces may cause echoes which can greatly reduce 
intelligibility. Conversely, draperies tend to absorb sound and reduce 
reverberation. 


Echo effects also occur if sound is heard from two different speakers and 
one of them is considerably farther away from the listener than the other one 
is. This is a rather common fault in public address systems in sports arenas. 
Use of directional horns which confine the projected sound to relatively 
narrow beams will help. Reducing the difference in distance between 
speakers will also help. If directional horns to serve two adjacent sections of 
a sports audience are mounted on the same pole and angled to cover 
different directions, there is much less echo effect than if the two speakers 
are separated by 100 feet and both pointed inward at this listening area. 


A special type of speaker used in many theaters is the sound column, or line 
radiator. It consists of a number of cone speakers, mounted one above the 
other in a vertical column. This arrangement results in wide angle horizontal 
sound dispersion but very limited vertical dispersion. All the sound power is 
concentrated to about 20 to 30 degrees vertical coverage. This reduces 
reverberation problems and also leads to more even sound levels throughout 
the hall. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


15, 


16. 


17. 


18. 


1S: 


20. 


21. 


22. 


23, 


24. 


25. 


PUBLIC ADDRESS AMPLIFIERS 

CONSTANT VOLTAGE LINE 

SERVICING PUBLIC ADDRESS AMPLIFIERS 
SELECTING THE PROPER MICROPHONE 


LOUDSPEAKERS 


In the circuit of Figure 5, why is there no amplifier between the auxiliary 
input and R,, as there is between MIC 1 and R,, or MIC 2 and R,,? 


When the treble control in Figure 5 is below the center ground tap, does 
the feedback voltage increase or decrease with further rotation of the 
control away from ground? 


Calculate the reactances of C,,) and C,, in Figure 5 at 100 Hz, and indicate 
why the setting of the treble control has little or no effect on bass response. 


When bass control R,, is exactly at its mid resistance point (500K ohms 
above and 500K ohms below the sliding contact), calculate the impedance 
from the movable contact of the control to ground, for a 100-Hz signal. 
Consider only the lower half of the treble control, as shown in Figure 6B. 


In what manner would you connect four 8-ohm speakers to the 8-ohm tap 
on the output transformer in the amplifier of Figure 5? 


Calculate the correct primary impedance and turns ratio for a line 
matching transformer that is to deliver 10 watts to a 4-ohm speaker from a 
70.7-volt constant voltage line. 


When more than one speaker is connected to a constant voltage line, are 
they connected in series or in parallel? 


Assume that C,, in the amplifier of Figure 5 is open. Would there be any 
output from the speaker? 


In Figure 5 would you expect to measure the same voltage between the grid 
of V,, and ground and between the grid of V,,; and ground? 


Assume C,, is open. What would happen to the operation of the amplifier 
of Figure 5? 


Assume that R, is open. What happens to the operation of the amplifier of 
Figure 5? 
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26. 


27. 


28. 


29. 


30. 


A certain ceramic microphone has an output rated at —50 dB and a certain 
dynamic microphone is rated at —56 dB. Which of these MIC’s produces 
the most voltage at the input to the amplifier? 


A microphone with a cardioid pickup pattern is usually a better choice for 
public address work than one having a circular pickup pattern. True or 


False? 


The efficiency of a baffle-type speaker is usually higher than that of a 
directional horn speaker. True or False? 


What are two common causes of echo from speaker systems? 


A sound column provides wide angle horizontal dispersion of sound, but 
limited vertical dispersion. True or False? 


SERVICING INTERCOMS AND PA SYSTEMS 


This column loudspeaker system is designed to provide high 
output over a wide horizontal and limited vertical listening 


area. 
Courtesy R. T. Bozak Mfg. Co. 


SUMMARY 


Servicing public address systems and intercom devices for business places 
provides a source of extra income for the service shop which actively seeks 
this business. Such devices are not difficult to service, and they present few 
unique problems. 


An important consideration when dealing with this equipment is the 
necessity of providing prompt service. The customer is often greatly 
inconvenienced or even unable to conduct his normal business while the 
device is inoperative. You should be prepared to provide some substitute 
device when his equipment cannot be promptly restored to working order. 


132) 
25 


SERVICING INTERCOMS AND PA SYSTEMS 


Wired intercom systems usually consist of one or more master stations 
containing a listen-talkback speaker, an audio amplifier and switching 
section, and a group of slave stations which may or may not be able to 
originate calls. 


In a system involving a single master control and a group of slave stations, 
each slave station must be connected to the master by a single pair of lines. 
When each station is to be independent and able to call all other stations, the 
interconnecting cables require one common lead and one lead for each 
station in the system. 


Wireless intercom systems usually make use of the ac line wiring to achieve 
signal distribution. In such a system, the audio signal modulates an oscillator 
in the low r-f range (200 kHz, for example) which serves as a carrier for 
distributing the signal. The listening device must then include a detector for 
recovering the original audio signal. 


Public address amplifiers are usually high-power systems with facilities for 
handling a variety of inputs. Most systems designed for public address work 
provide individual front panel control of at least three or four inputs and the 
ability to mix signals from each source. Separate bass and treble tone 
controls are also commonly provided. 


Output circuits for public address systems usually include a multiple tap 
transformer for properly matching a variety of speaker loads. Generally, one 
set of transformer taps is designated as a constant voltage source of either 
70.7 volts or 25 volts. 


arises Senet CERERRCAST eT Te 17 See CNR a 


rmer. The advantages of such a system are that varying 
ears of power can be provided to the various speakers over the same 
line, and each speaker can be connected or disconnected without affecting 
the output from the remaining speakers as long as the total power used by all 
speakers does not exceed the capabilities of the amplifier. This arrangement 
also permits the use of a considerable number of speakers without causing 
load impedance to be so low that it overloads or damages the amplifier. 


In selecting microphones for sound systems, important considerations are 
impedance, frequency response and directional pickup characteristics. A 
less critical area of difference is voltage output. Where high-fidelity repro- 
duction is important, a dynamic microphone is usually selected. Crystal or 
ceramic MIC’s are often used with paging systems because they are less 
expensive than dynamic MIC’s, and the ceramic MIC’s are also more 
rugged. 
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Speakers for public address work include a variety of horn types and 
baffle-mounted cone speakers. Selection is based on the acoustics of the area 
served, the noise in the location, and the need to protect against weather in 
outdoor installations. 
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10. 


il. 


PRACTICE EXERCISE SOLUTIONS 


. The speakers reproduce the sound when the slave units receive calls, and 


are used as microphones when the slave units are used to answer the calls. 


. False—The slave units in this system cannot originate calls. They must first 


be called by the master station. 


. Switch SW, must be in the T position. The path is from the master speaker 


through SW,, to the amplifier input, and from the amplifier output 
through SW,, to the Station 2 speaker. 


. Switch SW, of Station 3 is in the T position and all other switches are in the 


L position for this call. The signal path is from the Station 3 speaker 
through SW., to the amplifier, and from the amplifier through SW., to 
terminal 2 on the terminal strip, through the cable to terminal M on the 
Station 2 terminal strip, and through SW,, to the Station 2 speaker. 


. 11 wires.—Such a system requires one common wire, and one wire for 


each station in the system. 


. The collector voltage of Q, would increase toward the value of — Vc. Since 


there is no collector current through Qs, there is almost no voltage drop 
across R,;, and very little voltage on the base of Q,. With a very small base 
voltage, transistor Q. will approach cutoff, and there will be only a very 
small voltage across R,o. 


. There will be only half as much feedback voltage at 5 kHz. Since the 


feedback voltage reduces the gain of Q,, there will now be more amplifica- 
tion of the 5-kHz signal than the 1-kHz signal, and the output of the two 
signals will be more nearly equal. 


. No—Negative feedback can only reduce distortion developed within the 


feedback loop. 


. No—In this system, only Station 1 is connected to the output of the master 


unit with the switches in the positions shown. 


The Station 2 switching network in the master control and the connections 
to it are the only possibility. Station 2 and its line must be all right because 
it receives the background music. The amplifier and the input circuits must 
be all right because the master can call Station 1. This leaves only the 
Station 2 switching circuit. 


In the system of Figure 4, the audio signal is used to modulate a 200-kHz 
r-f carrier. To recover the original audio signal, a detector is required. No 
detector is required in Figure 1 because the audio signal is transferred 
directly from one unit to another. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


12. Yes—The audio portion of the circuit would work properly with the diode 
connected either way, but in order for the squelch circuit to work properly, 
the diode must produce a positive-going voltage at the top of volume 
control R,, to cut off Q, when a signal is received. For this reason, the 
cathode of the diode must be connected to the volume control. 


13. C, and the bottom winding of L,. 
14. L, is adjustable so that all of the stations in the system can be made to 
oscillate at the same frequency. The exact frequency is not too critical, as 


long as all stations are tuned to the same frequency. 


15. The auxiliary input signal from a tuner, tape player or phono player is 
larger than that from the MIC’s, and less amplification is required. 


16. The feedback voltage increases. r ) 
17. At 100 Hz, C,) has a reactance of about 70 megohms and C,, about 15 pas 2 es 
megohms. Being in parallel with the bass circuit, which has a total - 
\ reactance to ground of less than 2 megohms, these high reactances have Saar 
virtually no effect on the bass signals. 
/ . alt 
bane: OF eee 1x 
18. The circuit consists of Xc,, (1 megohm) in parallel with half of R,, (500K 
ohms) plus R,) (220K ohms) plus half of R,; (250K ohms). The total is an 
approximately 800K ohms. a 73 
whee 
19. Connect two sets of two series speakers in parallel, or two sets of two +t, 
parallel speakers in series. Blige, 
RSs: 
y O3 


20. The primary impedance is 500 ohms, and the turns ratio is 11.18 to 1. 


000 ‘500 
Sealy 500 ohms N = ee = 11.18 to 1 


“ 10 


In practice, a turns ratio of about 10 to 1 would be adequate. 
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1, C-INA WIRED INTERCOM SYSTEM IN WHICH EACH STATION CAN CALL ANY OTHER STATION, 
THE CONNECTING CABLE REQUIRES -- ONE MORE WIRE THAN THERE ARE STATIONS, 

An all-master system such as this one requires a cable for each station containing one line for each 
station plus a common line, In a master-slave system, each station requires a two-wire line regardless 
of the number of stations, 


2, C-INA WIRELESS INTERCOM INSTALLATION, EACH UNIT MUST CONTAIN -- BOTH A MODU- 
LATED OSCILLATOR AND A DETECTOR, 
The audio signal modulates the carrier in the modulated oscillator and is demodulated in the detector. 


3. B - MOST HIGH-QUALITY PUBLIC ADDRESS SYSTEMS INCLUDE -- TONE CONTROL CIRCUITS AND 
INDIVIDUAL GAIN CONTROLS FOR EACH INPUT CIRCUIT. 
Individual level controls permit matching the levels of the various inputs. The tone controls are used to 


tailor the response of the system to the room acoustics, 


4, C-TO CONNECT FOUR 8-OHM SPEAKERS TO A PUBLIC ADDRESS SYSTEM YOU WOULD -- 
CONNECT TWO PARALLEL PAIRS OF TWO SPEAKERS IN SERIES ACROSS THE 8-OHM OUTPUT. 
Connecting two 8ohm speakers in series produces 16 ohms, Two 16-ohm speaker systems in parallel 
produces an impedance of 8 ohms, 


5. C-A70.7-VOLT CONSTANT VOLTAGE OUTPUT FROM A PUBLIC ADDRESS AMPLIFIER PERMITS 
-- SPEAKERS OF VARIOUS WATTAGES TO BE CONNECTED IN PARALLEL. 

With a constant voltage line, speakers can be connected in parallel without regard to impedance. However, 
the total power output of the amplifier must not be exceeded by connecting too many speakers. 


6. B-A MICROPHONE WITH A CARDIOID PICKUP PATTERN IS OFTEN DESIRABLE IN PUBLIC 
ADDRESS SYSTEMS BECAUSE -- IT REDUCES FEEDBACK PROBLEMS, 

A cardioid pattern microphone has maximum pickup in only one direction, By positioning the microphone, 
pickup from the speakers and the resultant feedback is eliminated, 


7. D- THE PUBLIC ADDRESS AMPLIFIER OF FIGURE 5 PROVIDES ISOLATION BETWEEN INPUT 
CONTROLS BY THE USE OF -- RESISTORS IN SERIES WITH THE VARIABLE CONTACTS ON THE CONTROLS. 
This type of mixer circuit is sometimes called a "passive"! or "dry'' mixer since no tubes or transistors 

are employed, 


8. A -IN THE AMPLIFIER OF FIGURE 5, V4 SERVES PRIMARILY AS A -- PHASE INVERTER. 
This phase inverter stage provides the desired 180° out-ofphase input signals for the push-pull amplifier 
stage. 


9. D-A SOUND COLUMN OR LINE RADIATOR IS OFTEN USED IN THEATERS PRIMARILY BECAUSE 
IT -- REDUCES REVERBERATION AND GIVES MORE EVEN AUDIENCE SOUND COVERAGE, 

The sound column or line radiator concentrates the sound to provide a wide horizontal dispersion angle but 
a narrow vertical dispersion angle, 


10, D - MOST HIGH-POWER PUBLIC ADDRESS SYSTEMS IN OUTDOOR INSTALLATIONS USE -- DIREC - 
TIONAL HORN SPEAKERS. 
Directional horn speakers concentrate the sound to provide greater coverage. 


SERVICING INTERCOMS AND PA SYSTEMS 


PRACTICE EXERCISE SOLUTIONS (Continued) 


21. Always in parallel.—Connecting or disconnecting one has no effect on the 
other. 


22. Yes—The output signal would be distorted, and not at full power, but V- 
would still amplify, resulting in some output. 


23. Not quite—The actual voltage is the same, but the path to ground 
provided by the meter would cause current through R,,. As a result, the 
grid of V,, would read lower than that of V,,. 


24. There will be little or no change in the bass response, but the high- 
frequency response would fall off. When the treble control is near the 
midpoint, almost no highs reach the grid of V,,. 


25. The MIC 1 input is dead. All other inputs work normally. Checks at V,, 
will show no plate voltage. 


26. The ceramic microphone.—The dB rating is always a negative number, 
and therefore the larger the number, the smaller the actual voltage 
produced. 


27. True—There is less feedback trouble with the cardioid MIC. 

28. False—A horn-type speaker is a more efficient device. 

29. Echoes occur as a result of reverberation or reflection from hard, smooth 
walls, and as a result of sounds reaching the listener from two or more 


speakers at different distances. 


30. True 
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, QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 
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errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


LESSON CODE 


Example: A spotted animal native to Central and South America is the 
= (A) lion. (B) leopard. (C) tiger. (D) jaguar. 
Be 


SORS 


In a wired intercom system in which each station can call any other station, the connecting cable requires 
(A) a total of three wires, regardless of the number of stations. (B) one less wire than there are stations. 
(C) one more wire than there are stations. (D) two wires for each station. 


In a wireless intercom installation, each unit must contain 
(A) both a speaker and a separate microphone. (B) noise limiter circuits. (C) both a modulated oscillator 
and a detector. (D) ave and afc circuits. 


Most high-quality public address systems include 

(A) stereo amplifiers. (B) tone control circuits and individual gain controls for each input circuit. (C) 
provisions for mobile operation. (D) no output transformer. 

To connect four 8-ohm speakers to a public address system you would 

(A) connect all four in parallel across the 8-ohm output. (B) connect all four in series across the 8-ohm 
output. (C) connect two parallel pairs of two speakers in series across the 8-ohm output. (D) connect all 
four in parallel across the 16-ohm output. 


A 70.7-volt constant voltage output from a public address amplifier permits 
(A) connection of many speakers in series. (B) use of additional input sources. (C) speakers of various 
wattages to be connected in parallel. (D) exceeding the rated output power of the amplifier. 


A microphone with a cardioid pickup pattern is often desirable in public address systems because 
(A) it picks up sound at greater distances. (B) it reduces feedback problems. (C) it has better fidelity. (D) 
it requires less amplification. 


The public address amplifier of Figure 5 provides isolation between input controls by use of 
(A) matching transformers. (B) a master gain control. (C) cathode follower stages. (D) resistors in series 
with the variable contacts on the controls. 


In the amplifier of Figure 5, V4 serves primarily as a 
(A) phase inverter. (B) high-gain voltage amplifier. (C) cathode follower for impedance matching. (D) 
power amplifier. 


A sound column or line radiator is often used in theaters primarily because it 
(A) has better fidelity. (B) is virtually weatherproof. (C) requires less power. (D) reduces reverberation 
and gives more even audience sound coverage. 


Most high-power public address systems in outdoor installations use 
(A) transformerless tube amplifiers. (B) sound column speakers. (C) many low-powered baffle-mounted 
speakers. (D) directional horn speakers. 
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This integrated hi-fi stereo system includes a tape recorder, AM-FM/stereo 
tuner as well as a record changer. 


Courtesy General Electric Co. 
Audio Products Dept. 
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A hard fall should mean a high bounce if one 
is made of the right material. 
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HI-Fl STEREO SYSTEMS 


What is high fidelity? The term HIGH FIDELITY, or hi-fi, has been so 
loosely used that now it is applied to almost all types of home-entertainment 
music reproducing systems, ranging from low cost portable record players to 
the highest quality component systems. In the strictest sense of the word, 
hi-fi refers to a sound system that FAITHFULLY _Teproduces the original _ 
sound. A hi-fi systent should not ad add any additional sounds, nor in any way 
distract from, or ‘“‘color,”’ the reproduced sound. 


In the early days of sound systems, distortion was quite high. As the state of 
the art advanced, better systems were produced, and very low distortion 
levels were achieved. Nevertheless, something was missing. The reproduced 
signal did not sound the same as a live performance. Although the full range 
of music tones could be reproduced, a sound system output signal still 
lacked many qualities that are evident at a live music performance. The 
problem was that at a live performance, sound waves reach our ears from all 
directions. In the hi-fi music system, the sound waves come from one point, 
the speaker system. The complex sound wave patterns at a live performance 
were not reproduced in our home. To overcome the limitations of a 
MONAURAL, or single channel sound system, the STEREOPHONIC 


sound system was Onic sound system, two or more 
sound | channels-are provided. “The sound wave patterns produced by two or 


more separate speaker systems produce a complex sound wave pattern 
similar to that at a live performance. Although the pattern is not quite the 
same, the effect is pleasing and the “illusion” of presence is a marked 
improvement over the monaural system. 


To provide the best stereo effect, the system’s speakers must be properly 
arranged in the listening room. Figure 1 shows the most desirable arrange- 
ment when separate speaker systems are employed. The speakers must be 
far enough apart to provide adequate separation between the signals of the 
sound channels. However, too much separation is as bad as not enough. The 
best listening area is shown in the shaded portion of the figure. It is usually 
necessary to experiment with speaker placement to obtain the best stereo 
effect in a given room. 


When both speaker systems are in the same cabinet, as in some console 
systems, the speakers are often angled outward to provide separation. The 
room acoustics also have an effect on the stereo illusion. A room with 
bare walls and floors has more reflections than a room with heavy drapes, 
stuffed furniture and thick carpeting. Most recordings are produced to sound 
best in rooms that are furnished in a manner that is between these two 
extremes. 
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MUSIC SYSTEMS 


There are many ways in which a music system can be set up. Two general 
arrangements are normally found in home-entertainment music systems. 
One type is a COMPONENT SYSTEM. In a component system, separate 
units, often in different cabinets and from different manufacturers, make up 
the system. Figure 2 is a block diagram of a typical component system. 
Three separate sound sources are provided: a turntable or changer, an 
AM-FM/stereo tuner and a tape deck. Each source has two outputs, left (L) 
and right (R), to provide a two channel stereo system. 


The desired input unit is selected by the input selector switch of the 
Preamplifier Control Unit. The preamplifier contains the tone control 


TURNTABLE 
OR 
CHANGER |R 


PREAMPLIFIER 
CONTROL 
O 


| INPUT 


POWER 
AMPLIFIER 


RIGHT 
SPEAKER 


Figure 2 
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circuits and compensating circuits necessary to provide the proper fre- 
quency response from various signal sources. Level and balance controls 
are also included to control the output sound level and balance. 


Following the preamplifier, the power amplifier steps up the signals to a 
power level high enough to drive the speakers. Although only one speaker is 
shown for each channel, most systems employ several speakers in each 
channel for improved frequency response. 


During the early days of hi-fi and stereo, most people felt that only 
component systems gave high-quality sound reproduction. Of course, the 
component systems were more expensive and as a result were generally 
better. Today, however, many INTEGRATED systems are comparable in 
quality to good component systems. In an integrated system, most or all of 


the 1@ components are housed in t the ‘s same cabinet, often with most of the 


TISSS = ee Se LL 
ee 


circuitry on the” same chassis. yi eee 


From a servicing standpoint, the component system is usually easier to 


troubleshoot. All of the units are separate, which makes it easier to isolate 
“Riaaoe ares, 

the defective unit. With an integrated system, this may not be as easy to do 

since the units may share the same power supply and other circuits. 


example, : a a tuner, preamplifier and fae ee may be Auer in the 
same unit, or a preamplifier and power amplifier may be combined to form 
one unit. The speakers and additional input units are separate. 


HI-Fl SYSTEM SPECIFICATIONS 


Service technicians, as well as purchasers and users of hi-fi/stereo equip- 
ment, are often confronted with an impressive array of equipment specifi- 
cations. An understanding of these specifications is important because a 
service technician may have to “bring a unit up to specifications.” The 
specifications are also important to many purchasers, as they use the 
specifications to help them select the equipment that they purchase. 


Over the years, many procedures have been used to check the performance 
of hi-fi equipment. Confusion has sometimes occurred because different 
manufacturers have employed different procedures for the same tests, often 
making Comparisons-impossible. To-eliminateé t Tnstitut 
High Fidelity, IHF, was ormed. A set of test procedures was drawn up and 


is Tow-in-generat use by hi- fi equipment manufacturers. 


ee ee 
esate 
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Amplifier Specifications 


The most basi i é be _applied to an amplifier i is power | 
output. A simple stating of power output alone, however, is almost meaning- _ 


less. For a rating-ef-eutput power to be worthwhile, the distortion obtained 
_at the rated Seka the load impedance and test frequency used must also be 


indicated. F spe e test frequency for a test of maximum 
power SuIpit e 1000 Hz, and the power rati ve, power. 
output. This is calle . Thus, an amplifier may be specified as 


having watts IHF per channel, at less than 0.5 percent total harmonic 
distortion. The test frequency is understood to be 1000 Hz and the power 


obtained for a sinewave input signal. A more meaningful test_of power — 


output is called RMS POWER output. [mthis+est-both amplifier channels 
are driven simulta amplifier’s own power supply must be 
used. For this test, the input signal is a continuous 1000-Hz sinewave, and 
the load impedance also must be indicated in the results. 


An even more complete picture of the amplifier characteristics is given by 
specifying the power response obtained over the amplifier’s entire frequency 
range. A stereo amplifier may be rated at 60 watts rms per channel, +0.5 dB, 
5 to 100,000 Hz, with total harmonic distortion under 0.5 percent and 
intermodulation distortion under 0.5 percent. This amplifier can therefore 
deliver 60 watts rms (continuous) output +0.5 dB (+7.5 watts) per channel. 
The total harmonic distortion indicates the additional signal frequency 
| Sa ae amplifier when single signal frequencies are 
applied. The intermodulation distortion indicates the additional signal fre- 
quency components generated when tw ‘two separate signal frequencies a1 are 


a 


This solid-state stereo amplifier can deliver 80 watts of 
sinewave power per channel. The response is within .2 dB, 10 
to 60,000 Hz. 


Courtesy Marantz Co., Inc. 
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PERCENT DISTORTION 


applied. The specifications of many of the amplifiers designed for profession- 
al use include this information. The specifications for units designed for 
normal home-entertainment applications often contain only results obtained 
with the IHF method of testing. 


Because of inconsistencies in measuring techniques, the IHF power output 
specifications for an amplifier may vary from 20% to 50% higher than the 


amplifier’s rms power output specification. Compared to the output obtained 
for an S-Ghm load: most modem solid-state stereo amplifiers provide about 
20% to 25% less output power into a 16-ohm load, and about 25% more 
output power into a 4-ohm load. 


ted B 
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Figure 3 


Although the figures given previously specify the amplifier response, they 
are sometimes difficult to understand and often do not give a real “‘picture”’ 
of the amplifier’s performance. A more meaningful method is to put the 
specifications in the form of a graph. Figure 3 shows the frequency response 
at maximum power output, and Figure 4 shows the total harmonic distortion 
and intermodulation distortion for the same amplifier at various power 
levels. The graphs show any irregularities in the response. 


Any appreciable IM distortion is immediatelyapparent to most listeners 
because_of _the—harsh, edgy quality it gives to the > reproduced music. 
Considerably unts of harmonic distortion will usually remain 
unnoticed because Aee/tncit haemens relationship to the original ‘sounds. 
However, any amount of _harmonic distortion that is present will almost, 
always be _accompanied by a§ a: greater amount of IM_ distortion, which 


indicates that it is quite impor important to keep the quantity of harmonic 
distortion as small as possible. 


Since music is not continuous, but is instead a series of changing tones, most 


amplifiers can produce greater maximum power-output—with music than 
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when-subjected to a continuous tone. This is because the amplifier’s power 
. . . 2 a . . 
supply is not strained during the short power bursts caused by music signals. 


As a result, some amplifiers are also given a MUSIC POWER rating. Figure 5 
shows The difference betWeeH-2-CONIMUGUS Sinewave and one cycle of a 
music signal. With a continuous sinewave, as in Figure 5A, the average 
power is .637 of the peak power. However, with a complex music waveform 
as in Figure 5B, the average power is less than the average power for a 
sinewave with the same peak power value. Some amplifiers with lower 


quality power supplies can deliver considerably ly more peak music power 
than peak sinewave power. i a a ee 


----,---- PEAK 


——- AVERAGE 


Figure 5 


There are several other specifications which are often given for amplifiers. 
One of these is SENSITIVITY. This specification merely states the input 


signal level required to develop the amplifier’s full rated o output. For 


example, an integrated amplifier containing a preamplifier and control unit 
may require an input signal of 5 millivolts to produce its rated power output. 


Another amplifier specification is HUM AND NOISE. This specificat ion 


indicates the amount of hum (power supply ripple) and other internal noise 


originating in the _ amplifier _ that is present at the amplifier output. This 
specification is generally given in dB in reference to the rated output. A 
typical spec of this nature would be: Hum and noise —78 dB below 60 watts 


output. 


A useful specification, generally in the form of a graph, is tone control 
action. Figure 6 shows such a graph. The graph shows the maximum boost 
and attenuation characteristics of the bass and treble controls. There are 
many other specifications that are given for amplifiers, but the ones 
presented in this lesson are some of the most important ones. 
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Figure 6 


FM Tuner Specifications 


As with amplifiers, there are a number of specifications that are applied to 


FM tuners. The IHF has also set_up specificatio dards _for_tuners. 
Probably the most frequently published specification is IH VITXe 


Thi so be considered the least usable sensitivity for an FM tuner. It 


indicates the signal strength at the antenna terminals, in microvolts, which 
causes the sum of noise and distortion o al to be no greater than 
Mies. 
ih, of the, loudest portion, oF the, prose anual being transmitted. 
Distortion of 3% is equal to 30 dB of quieting. For a tuner with an IHF 
sensitivity specication of 155 nV this means that a 1.25 wV signal is . 
required at the antenna terminals of the tuner to reduce the noise and 
distortion content of the signal 3%. The LOWER THE ANTENNA VOLT- 
AGE REQUIRED for a SUH noise. ad. distortion IeveL (0, diane 
the MORE SENSITIVE the tuner. However, 30 dB of quieting does not 
provide véry-satisfactory listening, as this amount of background noise is 
quite noticeable. At least 40 dB of quieting is required for an acceptably low 
background noise Tevel,and-most-modern FM tuners have enough sensitiv- 
ity to obtain 40-dB-of quieting with a signal strength of about 10 pV fora 
monophonic signal. Bécause of the system selected for stereophonic FM 
broadcasting, most tuners require from’2 to 10 times as much input for a 
stereo signa I e same amount re) x g. 


Another important tuner specification is SIGNAL-TO-NOISE (S/N) RATIO. 
This Specificatior-indieates the amount of background noise present. As the 
signal level increases, the background noise decreases until the ultimate 
quieting of the tuner is reached. The residual noise left may be wide band 
rushing noise, hum or a combination of both. Typical signal-to-noise ratios 
run from 50 to 70 dB in mono, and 40 to 55 dB in stereo. The higher the 
figure, the better the tuner. 
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As signal level is increased, the distortion in the tuner decreases until it 
reaches a_minimum~point.The—minimum distortion is_also given as a 

specification called Total Harmonic Distortion, THD. The THD can be 
expressed as a percentage or in dB. A good tuner will have a THD that gets 


down to about 0.2% in mono, and remains less than 1.0% in stereo. 


Another specification is DRIFT. This specification indicates the of 
tuner drift in kHz that occurs after a period of two hours. The automatic 
frequency control (afc) circuits in the tuner keep drift to a negligible amount 
so that retuning is not necessary. Many modern tuners are so stable in their 
operation that no afc is required, as drift is negligible. 


ost modern FM tuners have frequency response that covers the range of 
about 30 Hzt iderfrequency response is not necessary, as the 
FM broadcast sian can only transmit audio signal frequencies from 
about 30 to 15 kHz. Most stereo transmissions contain almost no signal 
information above 12 kHz because of FM channel bandwidth restrictions. 


The_ability of arate two channels on the same frequency iS 
referred to as- CAPTURE RATIO, is “specification indicates in dB how 


much difference is required in signal strength between two signals on the 
same frequency for the stronger signal to suppress the weaker signal by 30 


dB. The lower the capture ratio, expressed in dB, the better the tuner. A 


high-quality modern tuner may have a capture ratio of about 1.5 dB. 


A good capture ratio allows a tuner to reject reflected versions of a desired 


: , called multipath distortion, are co 
urban areas, where fall buildings can cause a desired signal to armi t 
Te eee 


Fahvee Thirty 


i a 


° LIIIIl eee oe @ 


The AM-FM/stereo receiver shown above includes both a 
preamplifier/control unit as well as a power amplifier. The 
IHF sensitivity is 2.7 pv. 

Courtesy Harmon Kardon Inc. 
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a receiver’s antenna from different directions. It is the slight delay of the 


reflected signals, mixing with the original signal, that causes distortion. 


Another important tuner specification i FM broadcast 
station channels are z apart. To prevent adjacent channel interfer- 
ences, the FCC usually spaces the stations in a given area two channels, or 


400 kHz, apart. However, it may be possible to receive two stations on 
adjacent channels. 


The extent that an alternate channel signal is rejected, in comparison to the 
desired signal, is indicated in dB. Selectivity of 70 to 90 dB is often attained. 


There are several specifications for stereo FM tuners that indicate the unit’s 
quality of performance. STEREO FM indicates how much 


approach would be to indicate the separation across the entire audio band. 
Broadcast stations are required to maintain at least 40 dB separation across 
the audio band, but many tuners can only provide this much separation at 
1000 Hz. 


In general, stereo FM reception requires greater signal strength than 
monaural FM reception does for an equally noise-free signal. Thus, the 


‘Stereo FM sensitivity is lower than the monaural FM sensitivity. 


Stereo Total Harmonic Distortion may also be higher than that for monaural 
operation. Additional circuitry is required for stereo operation which may 
introduce additional distortion. 


If attenuation of the 19-kHz pilot, the 38-kHz subcarrier, and any 67-kHz 
SCA signals that are present is not sufficient, increased distortion may result. 
Mixing between these frequencies and audio signal tones can cause large 
amounts of IM distortion. 


FOUR CHANNEL SOUND 


Recent developments in the field of sound reproduction have resulted in 
increased realism in the recorded signal. When an orchestra is recorded ina 
large hall, some of the reflected sound waves that strike the hall’s ceiling and 
walls arrive back at the microphones. The relationship between these 
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. 


The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


‘We 


12. 


13: 


S| 14. 


. The system of Figure 2 has 


MUSIC SYSTEMS 


HI-FI SYSTEM SPECIFICATIONS 


AMPLIFIER SPECIFICATIONS 


FM TUNER SPECIFICATIONS 


. What is meant by the term “high fidelity?” 


. A stereo system produces the exact sound wave pattern that occurred when 


the music was recorded. True or False? 


. The best stereo effect is obtained when the speakers are placed as far apart 


as possible. True or False? 


. What is a component system? 


channels. 


. What is an integrated system? 


. A separate component system is often easier to service than an integrated 


system. True or False? 


. What is the difference between harmonic and intermodulation distortion? 


. The reference frequency employed for IHF frequency response measure- 


ments is (a) 100 Hz, (b) 1 kHz, (c) 10 kHz. 


If an amplifier can deliver considerably more peak music power than 
sinewave power, what section of the amplifier is at fault? 


What is indicated by the sensitivity specification of an amplifier? 


An amplifier with a hum and noise specification of —70 dB is better than 
one with a spec of —60 dB. True or False? 


The IHF sensitivity is the signal level in 1. V at the antenna necessary to 
place the noise and distortion ____ _____ below the loudest pro- 
gram material. 


The amount of background noise present in an FM tuner at ultimate 
quieting is specified as the (a) capture ratio, (b) S/N ratio, (c) sensitivity. 
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15. What is the purpose of the afc circuit in an FM tuner? 
16. What is capture ratio? 


17. What is selectivity? 


reflected sound waves and the direct sound of the orchestra represents a 
quantity that imparts characteristics of the room in which the recording is 
made. This “hall sound,” or ‘‘ambiance,”’ as it is sometimes call rovide 
Most of the hall sound arrives at the left and right channel microphones 
out-of-phase in a manner that causes cancellation when the recording is 
played back in normal two channel stereo. 


If a suitable decoding circuit is used to recapture the ambiance signal, it can 
be fed to a separate speaker. The sound from the regular left and right 
channel speakers is then combined in the listening room with the sound from 


the ambiance signal speaker. The amount of added realism provided by this _ 


_technique depends on many variable factors, the most important being 


microphone placement. Greater control 1s obtained when microphones are 
added specifically for recording the ambiance signals. 


At least two of these extra microphones are usually used, and they are 
placed near the left and right rear corners of the recording hall. The outputs 


from these microphones are then used for TWO ambiance, or rear channel, 
. —s i hie aie te reba e 
signals. 


Several methods_have been selected for incorporating these_rear channel 


e multiplex, or “discrete,” system, signal information that represents 
the front channels PLUS the rear channels is cut directly into the record 
grooves, and signal information that represents the front ls MINUS 
the 


rear channels is incorporated as frequency and phase modulations of a 
30-kHz carrier signal that is inscribed in the grooves. 
a i 


Pickup cartridges with relatively flat response to 45 kHz are required to 
extract these complex signals from the record grooves. Several cartridges 
with this capability are presently available. The two output signals of the 
cartridge go to an appropriate discriminator circuit in a unit whose four 
outputs represent the signals of the left and right front and rear channels for 
playback through four separate speaker systems. This arrangement is called 


_the CD-4 system. 
e of the matrix arrangements is called the SQ system. The other one is 
referred to ither-QS Or (Regular Matrix). In the matrix systems, 


information representing Channel sum and differenceé-and-phase-di 
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signals is inscribed directly in the record-groeves-so-that_an ordinary pickup 
cartridge may be used for playback. The two output signals of the cartridge 
go to appropriate dematrixing networks to obtain the four signals carried in 
the record grooves. 


Truly discrete four channel recordings are available on reel-to-reel and 
8-track cartridge prerecorded tapes. 


Four channel sound permits the use of gimmick-type recordings. Instru- 
ments or singers may be made to seem to jump from corner to corner of the 
listening room, or hover in the air in the middle of the room. Trains, planes 
and motorcycles can be made to seem to roar about the room. 


TROUBLESHOOTING HI-FI STEREO SYSTEMS 


The first step in troubleshooting a music system is to isolate the defective 


section or unit. Figure 7 shows an expanded block diagram of the high- 
fidelity stereo system shown earlier in Figure 2. This system provides stereo 
reproduction from any of three input devices. The switching system 
connects the left and right channel signals of the selected source to the left 
and right channel amplifiers. 


LEFT CHANNEL LEFT CHANNEL 
CONTROL POWER AMP 
POWER 
SUPPLY 


|RIGHT CHANNEL RIGHT CHANNEL 
CONTROL POWER AMP 


x 
oO 
= 
oO 
uJ 
— 
WW 
n 
— 
= 
a 
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Figure 7 


Not all systems contain all of the components included in Figure 7. For 
instance, many systems include either a tape player or a phonograph, but not 
both. In a great many units, the preamplifiers for switching and control of the 
various input channels are all combined into the same unit as the two power 
amplifiers. Often the tuner is also included in this same basic unit, as in a 
stereo receiver. 
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Trouble in the Speaker System 


Suppose trouble develops in one of the speaker systems. This does not 
necessarily mean the speaker itself is defective. The trouble may be in an 
attenuator used to control the volume at some remote speaker, or it may be 
in the crossover network used to split the signal for a bass speaker and a 
high-frequency speaker. Trouble at any of these points can result in either a 
complete lack of output, badly distorted output, or loss of either high- or 
low-frequency response. 


Trouble in the speaker system of one stereo channel generally does not 
affect the output from the other channel. If there is more than one set of 
speakers, as in the case of systems with outputs available either in the living 
room or recreation room, speaker troubles may be confined to one of the 
sets of speakers. The trouble may disappear when you switch to another set 
of speakers. This is a clear indication that the trouble is in the speaker system. 
If it were in the amplifier section, switching speakers would have no effect. 
Similar checks can be made by interchanging the right and left speakers at 
the output of a stereo amplifier. 


After the components of a stereo system have been connected together, 
check for correct phasing of the speakers. If playback of a music selection 
makes musical instruments or a singer seem to move rapidly back and forth 
across the listening room, or if it is difficult to pinpoint the apparent location 
ofa performer, the speakers are probably out-of-phase. Reversing the 
Be atee ial one Gceakershould wrovide the proper stereo image, and also 
increase the system’s bass response. ie eS Sek ee 2, 


Trouble in the Amplifier 


If a malfunction results in no sound from either speaker, several checks can 
be made that will usually pinpoint the source of the trouble rather quickly. If 
ac line power is present, the line cord is not open, no fuses are blown, the 
power switch isn’t open and no overload protection circuitry has disabled 
the power amplifier; the trouble probably is in the amplifier power supply. In 
the separate component systems of Figure 7, this means the power supply of 
the power amplifier. In an integrated amplifier or a receiver, it would be the 
power supply of the entire unit. 


A problem that results in no sound from one channel indicates a malfunction 
at some point in the signal path for that channel only. If changing a 
Mono-Stereo switch to the position labeled Mono results in sound output 
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from the malfunctioning channel, the problem source is at a point prior to 
this Mono-Stereo switch. Changing the selector switch to a different 
program source will allow further pinpointing of this malfunction’s origin. If 
there is no output from one channel, regardless of the program source 
selected, the problem originates at some point after the selector switch. 


When trouble occurs in either the right or left channel amplifier in a stereo 
system, only that channel is affected. To be certain that the trouble does not 
originate after the amplifier, interchange the speaker leads. Troubles in the 
amplifiers may be loss of gain, loss of frequency response, audible noise or 
distortion, or no output at all. 


When the trouble is in-the-amplifier, it usually affects all inputs similarly. If 
there is low output when a tuner provides the input, there will also be low 
gain when a phonograph is used as the input. If the difficulty is associated 
with the input device, it will only affect one of the inputs. If the trouble is in 
the preamplifier/control section, it may only affect performance for certain 
selector switch settings, or it may prevent proper operation regardless of 
switch positions. 


Input Device Troubles 


When trouble occurs in an input device, it usually appears only when the 
defective input device is in use. For example, a malfunctioning tuner would 
not normally affect the performance of a tape deck or turntable. However, in 
some systems the tuner and amplifiers share the same power supply so that 
troubles in the tuner might render the whole system inoperative. 


Troubles in the input devices may or may not affect both channels. A stereo 
tape player, for instance, would affect both channels if it were running at the 
wrong speed or not tracking properly (misaligned playback head). Converse- 
ly, it might generate noise on one channel and not the other, or it might cause 
complete loss of the signal on only one channel. 


In a stereo tuner, any trouble occurring before the detector affects both 
channels. Difficulties in the audio secti may affect 
channel. 


Trouble in the turntable or changer will affect both channels when there is 
mechanical trouble such as incorrect speed, wow, rumble, etc. Trouble in the 
pickup arm or cables might affect only one channel. 
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Servicing of turntables, like the one shown above, usually 
involves cleaning and minor mechanical adjustments. 
Courtesy United Audio Products, Inc. 


our best clue in VAl in the input devices is the di ce in 
behavior between different inputs. If the output from the turntable or 
changer is all right, but you are unable to pick up stations when you switch to 
the FM tuner, then the amplifiers and speakers are not at fault. You may 
have to investigate the switching circuits in the preamplifier-control section, 
but there will be some point early in the amplifier circuitry that is common to 
the FM tuner and the turntable or changer; and you know that from this 
point on the system is working properly. 


Distortion 


Assume that a system malfunction is distortion of signals in the left channel 
only. This automatically eliminates half the system as a problem source. 


Check the left speaker system by reversing the connections so that the left 
speaker is connected to the right amplifier. If the trouble is in the speaker, 
the distortion will still be heard from the same speaker, but if the trouble is in 
the amplifier, the distortion will be coming from the speaker now connected 
to the output of the left amplifier. 
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If the output of the left channel speaker is distorted even after the speakers 
are interchanged, the trouble is probably in the amplifier. The best way to 
locate the origin of distortion in any amplifier is by using an oscilloscope and 
observing the signal at certain points in the amplifier. 


For such tests, the normal input device is not a satisfactory signal source. 
a = Se ee 


Use an audio generator with a good sinewave o are wave output. Feed 
the signal into the input OF the amplifier and adjust the signal level so that the 
first amplifier stage is not overdriven. Unless you know that the distortion 
occurs only on high- or low-frequency signals, select some midrange 
frequency and adjust the horizontal sweep in the oscilloscope for a 


stationary pattern with several cycles of the audio signal displayed on the 
screen. 


If there is serious distortion anywhere in the amplifier, you should be able to 
locate the defective stage through waveform observation. In most stages, a 
phase reversal takes place, but there should be no evidence of either 
flattening of peaks or change in the slope of any waveform trace. 


€ 1S ignal is not a good reproduction of 
the: input signal. voltage measurements in that stage may pinpoint ae to 


source. 
ee 


“ Accurate voltage measurements are very important in modern amplifier 
direct-coupled stages, as only slight deviation from a proper voltage can, at 
some circuit points, Cause very high distortion levels. 


Hum 


Continuous low-frequency noise, called hu 
hi-fi stereo system. Some noise of this nature is inherent in almost any 


system, but careful selection and placement of components will keep the 
noise level nearly inaudible in a properly operating system. If hum or buzz of 


120 or 180 Hz is lo h to be objectionable, it is probably caused by 
inadequate power supply filtering or as _a_result icat-vibration — 
(buzzing) of the power transformer core laminations. ——————— 


An_objectionably loud_lower frequency hum of 60 Hz will most often 


accompany the output of a low-level signal source, such as a phono cartridge 
ar-tape head. i um is usually caused by inadequate shielding or 


grounding of the record player or tape deck, or by stray field pickup from the 


7530 
18 


cartridge, tape head, or the leads that run between these transducers and 
their preamplifiers. Audible 60-Hz hum may also be the result of open 
ground leads or ground loops caused by multiple ground paths, or poor 
ground connections. 


To decrease residual hum to its lowest level, reverse the wall plugs of the 


ine CO line cords of the system's components un it the combination that produces 


the Ieasi hum is determined. In extreme situations, run a separate ground 
lead from each component to the-controlunit-and-from the control unit toa 


‘| 


good ground, such as a cold water pipe or radiator. DO NOT attempt this 


eng . 
arrangement with any line-operated equipment (ac-dc sets), and be certain to 
check for electrical shock hazards in any arrangement of this type. 


Troubleshooting Loudspeaker Systems 


As we have already pointed out, some of the faults in high-fidelity systems 
will be traced to defects in the speaker system. 


Troubles in the speakers such as loose or torn speaker cones cause serious 
distortion. In a good hi-fi system, no attempt should be made to repair a 
damaged speaker. The best solution is to return it to the manufacturer for 
repair. 


The speaker arrangement in many home installations includes speakers in 
more than one room. Usually, such installations provide for vate hins 


~ ET 
ee in 1 parallel ACTOSS ; the main 


speakers. id a 
US ewe bS 


HOWEVER, A LOAD IMPEDANCE OF LESS THAN 4 OHMS MAY 
OVERLOAD AN AMPLIFIER. 


Be certain that the dc resistance of the speaker load is not less than 4 ohms 


for each channel, with all-speakers_conneetedto the amplifier. 


ee SEE eee 


Figure 8 shows the L pad arrangement usually used when individual speaker 
volume control is desired. The sections of the control are designed so that 
the signal to the speaker may WeteGeaeat but the total Io ad resistance on 


the amplifier remains Virtually constant forany a setting ng of the control- 
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The above photo shows a speaker designed to reproduce low 
frequencies. 
Courtesy T. R. Bozak Mfg. Co. 


In such a system, if the front section of the control opens, there will be no 
output at any setting below the open point. If the back section opens, the 
control loses most of its effect. It will reduce the output only a little at its 
lowest setting. A more common complaint will be noise when the control is 
turned. A control cleaner may be used or it may be necessary to replace the 
control. 


COMPONENT MATCHING AND ACCESSORIES 


The-extremely low distortion t ith modern high- 
Fidelity computes cia be aintatuen Sekyeioe sresteree see saet 
voltage levels between the system interconnections. The various a 
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input circuits must be capable of properly amplifying the weakest input 
signals and must handle, without overload, the strongest input signals that 
they are likely to receive. The input circuit input impedances must also be 
correct for the devices to which they are connected if proper frequency 


response is to be retained. — 


Phono input impedance has been standardized at 47K ohms, High-level 
signal input circuit impedance should usually be at least ohms, except 
for the input to a power amplifier. The input impedance of a separate power 
amplifier might be as low as 20K ohms, and it must therefore be ascertained 


that the control unit which drives the power amplifier is intended for use 
with that low a load impedance. 


The power capability of the amplifier selected must be sufficient for its 
intended usage. Most “bookshelf” ‘speaker systems are quite low in 
efficiency (1% is typical). When these speakers are used in large rooms that 
contain considerable sound-absorbing furniture (heavy drapes, rugs, etc.), 
high-powered amplifiers are required to obtain loud music levels. 


The current popularity of hi-fi stereo systems has resulted in the availability 
of many types of accessory units. Most of these accessories provide greater 
convenience and versatility of control of system operation. 


Noise reduction units, connected between system components which are 
determined by the unit’s function, are quite common. A popular type of 
noise reduction circuit, called the Dolby type B, is usually connected 
between. a tape’ recorder and a control unit. ve signal to the recorder is 


Riou that 1s Testy proportional to the original signal amplitude. 
During playback, the e Dolby unit decreases these same signals in such a way 
that the original program balance is restored. This process improves the 
signal-to-noise ratio of the higher frequency signals by as much as 10 dB. 
Because most noise energy of a recording is at the higher frequencies, the 
effect of this action is to increase the entire signal-to-noise ratio of the signal 
by 10 dB. 


”° 


Adapter units for four channel, or “quadraphonic,” sound are often em- 
ployed. Passive units, designed to obtain ambiance signals from stereo 
records, are attached to the speaker connections, and the rear channel 
speakers are then connected to the outputs of the adapters. 
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Units for CD-4, SQ or QS (RM) signals are connected between the control 
and power amp sections of the system. Their rear channel signals go to 
separate amplifier sections used to drive the rear channel speakers. 


Another type of accessory is a graphic equalizer, a multiple-range tone 
control that separates the audio-frequency range into as many as twenty- 
four different segments whose amplitudes may be independently boosted or 
attenuated. 


Certain types of visual display units are available that are designed to 
indicate specific functions. Some are used to show signal distribution in the 
four channels, some give a visual display of FM multipath, and still others 
have different uses. 


SUMMARY 


The essential components of a home high-fidelity music system are signal 
source, amplifier and speaker system. When the system is intended for 
stereo reproduction, the amplifier and speaker system must include two 
separate channels. 


Many purchasers select their music system components on the basis of 
published specifications. It is therefore important to know the significance of 
each specification. 


, 


A recent innovation is four channel, or ‘“‘quadraphonic,” sound, which 
makes use of four independent sound channels. It can increase the realism 
of the recorded sound by supplying some of the hall sound, or ‘‘ambiance,” 
of the room in which the recording was made. 


In servicing any equipment, the first requirement is to determine which basic 
unit is at fault. If both channels of a stereo system are similarly affected, a 
problem source can be in the input unit, in the power supply, or it may be a 
trouble in one channel that causes the power supply to operate improperly. 
If only one channel is affected, further checks should include interchanging 
speakers and input units. If the trouble changes channels when this is done, 
the problem source is prior to the point at which the signal switched 
channels. Using either a meter or an oscilloscope to compare voltage 
measurements and signals from an audio generator between the good and 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


> 18. 


Ly: 


20. 


21. 


22. 


eos 


24. 


25. 


26. 


FOUR CHANNEL SOUND 
TROUBLESHOOTING HI-FI STEREO SYSTEMS 
TROUBLE IN THE SPEAKER SYSTEM 
TROUBLE IN THE AMPLIFIER 
INPUT DEVICE TROUBLES 
DISTORTION 
TROUBLESHOOTING LOUDSPEAKER SYSTEMS 
COMPONENT MATCHING AND ACCESSORIES 
The CD-4 “discrete” four channel system uses a supersonic carrier 
frequency for some of the encoded signal information. True or False? 


Rear channel signals may be obtained from ordinary stereo records. True 
or False? 


List the essential parts of a hi-fi system. 


When it is suspected that trouble in a stereo system is the result of a 
defective speaker in one channel, what simple test can be made to confirm 
this? 


The right channel signal of a stereo system is distorted but the left channel 
signal is normal. When the speaker systems are switched, the trouble 
remains in the right channel. The trouble is probably in the (a) right 
channel amplifier, (b) right channel speaker system, (c) left channel 
amplifier, (d) left channel speaker system. 


When the trouble occurs in a power supply that is common to both 
channels, what is the likely result? 


When the record player in a stereo system is selected for playback, both 
channels work normally. However, when the FM stereo tuner is selected, 


both channels are inoperative. What parts of the system would you check? 


If there is no output from a stereo system, what checks would be made to 
determine the unit at fault? 


What instrument is useful in locating a stage that is producing distortion? 
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27. In comparing oscilloscope patterns of stage input and output signals in a 
hi-fi amplifier, which of the following is normal? (a) Clipping. (b) 
Distortion. (c) 180° phase shift. 


28. An equalizer is used to provide greater control over frequency contouring 
of a hi-fi system signal. True or False? 


29. A popular noise reduction system component is the 
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defective channels is a good way to locate the trouble when one amplifier in 
a stereo pair is defective. 


To retain the quality that modern music reproduction systems are capable 
of, it is important that all components be properly matched for correct signal 
levels and impedance. 
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IMPORTANT DEFINITIONS 


CAPTURE RATIO—An indication of the ability of a tuner to reject an 
undesired signal on the same channel as the desired signal. 


DRIFT—An indication of the amount that a tuner drifts in kHz in a 2-hour 
period. 


HIGH FIDELITY—The name given to a sound reproducing system that 
reproduces the sound of a recording with a minimum of distortion. 


HUM AND NOISE—The amount of hum (power supply ripple) and other 
internal noise appearing at the amplifier output. 


IHF—Institute of High Fidelity—An organization set up to standardize hi-fi 
system specifications. 


IHF POWER—A somewhat arbitrary specification for an amplifier’s max- 
imum power output at 1000 Hz. 


IHF SENSITIVITY—The signal strength in wV at the antenna terminals of a 
tuner necessary to reduce the output in which sum of noise and 
distortion is 3% (30 dB) of the maximum output. Also called the least 
usable sensitivity. 


MUSIC POWER—An amplifier power rating taking into account the fact 
that music is not continuous, but consists of short bursts of complex 
tone structures. 


RMS POWER—An indication of the continuous sinewave output power of 
one channel of an amplifier with all channels driven, while using the 
amplifier’s own power supply. The input signal is a 1000 Hz sinewave of 
constant amplitude, and the amplifier’s load impedance must be indicat- 
ed along with the output power obtained. 


SELECTIVITY—An indication of the ability of a tuner to reject adjacent 
channel signals. 


SENSITIVITY—With respect to amplifiers, the input signal level required to 
produce maximum power output. 


SIGNAL-TO-NOISE (S/N) RATIO—An indication of the amount of back- 
ground noise present at the output of a tuner when the signal level is 
sufficient to produce ultimate quieting. 
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PRACTICE EXERCISE SOLUTIONS 


. The term “high fidelity’ refers to a sound system that faithfully repro- 


duces the original sound without adding any additional sounds or distor- 
tion. 


. False—The sound wave pattern produced by the stereo system is not 


exactly the same as the original, but is similar. 


. False—The speakers should be separated but not too far apart. The 


separation must be experimented with to obtain the best results in a given 
room. 


. A component system is made up of independent units. 
. two 


. An integrated system is one in which the electronic sections of a music 


system are housed in the same cabinet and often are built on the same 
chassis. 


. True 


. Harmonic distortion refers to the amount of additional signal frequencies 


generated by the amplifier when a single signal frequency is applied to the 
input. Intermodulation distortion refers to the additional signal fre- 
quencies generated when two separate input frequencies modulate each 
other in the amplifier. 


pp) 1 KHz. 


The power supply. 


. The sensitivity specification indicates the input signal level required to 


produce maximum rated output. 


SL rue 

. 30 dB 

. (b) S/N ratio. 

. The afc circuit reduces drift. 


. Capture ratio specifies the ability of the tuner to reject a weaker undesired 


signal on the same channel as the desired signal. 


Selectivity is the ability of a tuner to reject adjacent channel interference. 
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De VRY INSTITUTE OF TECHNOLOGY 
4141 BELMONT AVENUE, CHICAGO, ILLINOIS 60641 530A 


3 ONE OF THE EXAMINATION 
(Bette Howett SCHOOLS CHECK SHEET 


(530A 


ke D - A MUSIC SYSTEM HAVING TWO OR MORE SEPARATE CHANNELS IS A - - STEREOPHONIC 


SYSTEM. 
A monaural system has one channel and a stereo system has two or more separate channels. 


aes C - A MUSIC SYSTEM EMPLOYING A SEPARATE TUNER, TURNTABLE, AMPLIFIER AND 


SPEAKER SYSTEM IS CALLED - - A COMPONENT SYSTEM. 
A component system employs separate units and an integrated system has common units. 


3. D - THE IHF POWER OUTPUT SPECIFICATION IS GIVEN AT A TEST FREQUENCY OF - - 1 kHz. 
The IHF specification is for sinewave power at 1 kHz. 


4. D - WITH RESPECT TO AMPLIFIER POWER RATINGS, - - MUSIC POWER RATINGS ARE OFTEN 
HIGHER THAN SINEWAVE POWER RATINGS. 
Due to the pulse characteristics of music, higher peak power can be achieved on music as compared to a 


continuous sinewave signal, 


5. B - THE ABILITY OF A TUNER TO REJECT AN UNDESIRED SIGNAL ON THE SAME CHANNEL IS 
CALLED - - CAPTURE RATIO. 
The lower the capture ratio in dB, the better the tuner. 


6. D - IN FOUR CHANNEL RECORDINGS, THE AMBIANCE SIGNAL REPRESENTS - - INFORMATION 
PERTAINING TO SOUND REFLECTIONS IN THE RECORDING STUDIO, 
Four channel recordings are also used to achieve special effects, such as making a sound move around 


the room from speaker to speaker. 


7. D- THE QUICKEST WAY TO CHECK SPEAKER SYSTEMS IN A STEREO SYSTEM IS TO - - 
INTERCHANGE THE SPEAKERS BETWEEN THE CHANNELS. 
If the trouble changes channels with the speaker, the trouble source is in the speaker. If not, the 


amplifier is defective in that channel. 


8. C - Ik ONE CHANNEL OF A STEREO SYSTEM IS INCORRECTLY PHASED, - - THE STEREO IMAGE 
WILL BE INDISTINCT, AND BASS WILL SOUND WEAK. 
Out-of-phase high-frequency tones will seem to jump back and forth between speakers, and low-frequency 


tones, which are essentially in phase in a normal signal, will be weak due to cancellation. 


ie A - A LOUD HUM HEARD FROM ONE CHANNEL WHEN LISTENING TO RECORDS INDICATES THAT 
- - THE GROUND LEAD FOR THAT CHANNEL'S SIGNAL CABLE IS OPEN. 
An open ground lead always increases hum level. 


10. B - A MODERN SOLID-STATE AMPLIFIER WILL DELIVER THE MOST OUTPUT POWER TO - - 
A 4-OHM LOAD. 

A load of 4 ohms is usually closest to a perfect match for the output of a modern high-quality 
transistorized amplifier. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


Zs 


28. 


29. 


True 
True 


The essential parts are the input device or devices, preamplifier and 
control section, power amplifier and speaker system. 


Switch the speakers from one channel to the other. If the distorted signal 
appears in the other channel, the speaker is defective. If the trouble stays 
in the same channel, the trouble source is elsewhere in the system. 


(a) right channel amplifier. 


No output from either channel, or possible hum from both channels if the 
trouble is in the filter circuit. 


The FM tuner and the switching section of the preamplifier/control unit. 
The first check would be to switch to a different input unit. If operation is 
restored, the other input is at fault. However, if proper operation is not 
restored, the trouble is something that affects both channels. If a common 
power supply is used for both channels, this should be checked next. It may 
also be necessary to disconnect the amplifiers from the power supply, as a 
fault in one amplifier could affect the operation of the supply. 

An oscilloscope. 

(c) 180° phase shift. 


True 


Dolby type B 
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QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 


errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


= 
ra 


CORO OOO O80 6 A OO Ce) A Len 


_ (A) Oahu. (B) Newfoundland. (C) Guam. 
LJ] (D) Hawaii. 


A music system having two or more separate channels is a 
(A) monaural system. (B) integrated system. (C) component system. (D) stereophonic system. 


A music system employing a separate tuner, turntable, amplifier and speaker system is called 
(A) a monaural system. (B) a stereo system. (C) a component system. (D) an integrated system. 


The IHF power output specification is given at a test frequency of 
(A) 100 Hz. (B) 10 kHz. (C) 1.5 kHz. (D) 1 kHz. 


With respect to amplifier power ratings, 

(A) music power and sinewave power ratings are always the same. (B) music power ratings are always 
lower than sinewave ratings. (C) music power is never used. (D) music power ratings are often higher 
than sinewave power ratings. 


The ability of a tuner to reject an undesired signal on the same channel is called 
(A) S/N ratio. (B) capture ratio. (C) drift. (D) selectivity. 


In four channel recordings, the ambiance signal represents 
(A) the sum of the left and right channel signals. (B) the difference between the left and right channel 
signals. (C) the left channel signal. (D) information pertaining to sound reflection in the recording studio. 


The quickest way to check speaker systems in a stereo system is to 
(A) measure their resistance. (B) check the signal voltage at each speaker. (C) use an oscilloscope. (D) 
interchange the speakers between channels. 


If one channel of a stereo system is incorrectly phased, 
(A) there will be too much bass. (B) that channel will be lower in output than the other channel. (C) the 
stereo image will be indistinct, and bass will sound weak. (D) the overall sound level will increase. 


A loud hum heard from one channel when listening to records indicates that 

(A) the ground lead for that channel’s signal cable is open. (B) the input to that channel is shorted. (C) 
there is no ground connection between the record player and the amplifier. (D) the pickup cartridge is 
completely inoperative. 


A modern solid-state stereo amplifier will deliver the most output power to 
(A) an 8-ohm load. (B) a 4-ohm load. (C) two speakers connected in series. (D) a 16-ohm load. 


TROUBLESHOOTING 
HIGH-FIDELITY AMPLIFIERS 
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The stereo receiver is a common unit found in component hi-fi/stereo 
systems. The receiver shown includes an AM-FM/FM stereo tuner, stereo 
preamplifier control unit and a stereo power amplifier. 

Courtesy Electrovoice 
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There is no man living who can afford 
to kick from under him the ladder on 
which he climbed to success. What 

I have accomplished would soon be 
dissipated if I became self-satisfied 
and relaxed my effort. 


—William Wrigley Jr. 


TROUBLESHOOTING 
HIGH-FIDELITY AMPLIFIERS 


Some of the highest quality electronic equipment available falls into the 
category of high-fidelity amplifiers. Almost unmeasurable distortion, signal- 
to-noise ratios of 120 dB (one million to one), highest reliability, and virtually 
complete protection against electronic destruction are obtainable. However, 
even the finest equipment may malfunction, and it is therefore important to 
know how to repair such equipment. The term high fidelity is also applied to 
almost every type of home music system, from simple portable phonographs 
to expensive console systems. Some of these systems are capable of 
high-fidelity performance and most of them are designed for stereo opera- 
tion. However, some of the small portable phonographs are referred to as 
‘‘stereo compatible.” These units have stereo phono pickup cartridges but 
only single channel amplifiers. The two outputs from the phono pickup are 
connected together and applied to the input of the single channel amplifier. 
This arrangement allows stereo records to be played without damage. If a 
stereo recording is played with a monaural pickup, the recording may be 
damaged. 


The amplifier of a portable phonograph is quite simple compared to that 
found in an expensive component system. Both types will be covered in this 
lesson. Almost without exception, modern music systems employ transis- 
torized amplifiers. Integrated circuits are also being used more and more in 
home music systems. 


The fact that most music systems are designed for stereo operation provides 
the service technician with a built-in servicing feature. Unless a problem is 


co o both channels (power supply troubles, etc.), the operatrorrefere- 
channel can be compared to that of the other channel to find the cause of the — 


trouble. The defective circuit can be found by signal injection or signal 
tracing techniques. Comparisons of voltage and resistance readings between 
the two channels will normally point out the defective components. 


SERVICING PRECAUTIONS 


There are several precautions that must be followed when servicing hi-fi and 
stereo amplifiers. The most important precaution is to never operate an 
amplifier without a load. The load can be the speaker or speaker system 
associated with the amplifier, or a resistance equal to the speaker impedance 
and wattage. A load resistor is often more suitable for testing, especially at 
high levels. Some transistorized-amplifiers-can be operated without a load 
‘With no danger of damage. Unless you are absolutely sure of this, never 
operate an amplifier without a load. 
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Another pr ion is not to solder in a circuit that is connected to the ac 
line. Soldering irons often have leakage between the heating element and tip. 


This could damage a unit connected to the line. Always unplug the unit when 
soldering, if it is line operated. 


Care should also be exercised when removing or replacing components ona 
printed circuit board. Use only as much heat as necessary. A low-wattage 
iron is preferred to a soldering gun. To prevent damage, support the board 
while working on it. Also, be sure that you do not break any of the 
connecting wires attached to the board. 


PORTABLE PHONOGRAPH AMPLIFIER 


Figure 1 shows the schematic diagram of an amplifier found in a typical 
portable phonograph. This unit employs a ceramic stereo phono pickup with 
the left channel (L) and right channel (R) outputs tied together and applied to 
a single amplifier. Thus, stereo recordings can be played without damage. 
Most monophonic cartridges do not have sufficient vertical compliance of 
the stylus assembly to prevent damage to the grooves of a stereo record. 
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Figure 1 
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The power supply of the circuit of Figure 1 is a conventional full-wave 
rectifier formed by D, and D,, with C, filtering the dc output. In place of a 
step-down power transformer, a winding placed on the phono motor 
provides the low ac voltage for the rectifier circuit. 


The combined signal from the L and R outputs of the stereo pickup appears 
across R,, the volume control. This signal is coupled through R; and C, to the 
base of Q,. Bias for the Q, stage is supplied by R,, R; and R;, which are 
connected to. the collector supply. 


In the circuit of Figure 1, C, provides feedback from the emitter of Q, back 
to the base of Q,. This arrangement provides negative feedback whic 


1 edance of the stage. igh input impedance is 
necessary to prevent loading of the ceramic pickup, which would adv 


affect frequency response. 
Shee 


The output from preamplifier stage Q, is direct coupled to the Q, driver 
stage. In turn, the Q, output signal is direct coupled to the bases of the Q,Q, 


eee The use of a complementa- 
ry-symmetry output stage removes the néed for a phase inverter. Ry : 
provides nage de feedback to wetiize he ampier. Care mus be 
exercised when servicing a direct-coupled amplifier such as this, as a fault in 


one stage can affect the voltages in the other stages. 


The_complementary-symmetry form of output stage is very popular in 
modern hi-fi circuits. The driver and output stage of Figure 1 have been 
redrawtin-Figure2;with the operating voltages shown. The emitter of Q, is 
connected to the +17.5-volt supply and its base is connected to the collector 
of Q, which is at +17 volts with no signal present. As a result, the base of 
PNP transistor Q, is .5 volt negative with respect to its emitter, providing the 


proper forward bias. 


The +10.5 volts at the collector of Q, is applied to the base of Q,. This 
forward biases Q; because its emitter is at +10_volts. Bias diodes D, and D, 
each have a constant .5 volt drop. This places the base of Q, at +9.5 volts. 
Since emitter resistor R,. has a very small resistance, the emitters of Q, and 
Q, have the same potential, +10 volts. With +10 volts on its emitter and 
+9.5 volts on its base, PNP transistor Q, is also forward biased. 


Proper operation of this circuit depends upon maintaining the correct dc 
voltages. The feedback establishedbyR,,inFiguretkeepsthe dc voltages 
constant. For example, suppose that the voltage at the emitter of Q, € 
becomes more positive than +10 volts. Since the emitter of Q, is coupled to 
this point through R,o, the emitter of Q, becomes more positive. This 
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decreases Q, collector current and increases Q, collector voltage. The 
increased Q, collector voltage applied to the base of Q, reduces the forward 
bias on Q,. In turn, the voltage drop from collector to emitter of Q, 
increases, thus decreasing the voltage at the collector of Q,. Since the base 
of Q; is connected to the collector of Q,, the decreased base voltage reduces 
the forward bias on Qs. In turn, the voltage drop across Q, increases, 
bringing its emitter voltage back to normal. At the same time, the reduced 
voltage at the collector of Q,, coupled to the base of Q, through D,, D, and 
Rg, increases the forward bias on Q,. This also tends to reduce the voltage at 
the emitters of Q; and Q,. The opposite conditions occur when the voltage at 
the emitters of Q, and Q, starts to decrease. 


The complementary- AB, although 
this type of stage is often referred to as a Class B stage. Both transistors are 
forward biased slightly during no-signal conditions to reduce crossover 
distortion. Under signal conditions, one transistor is r d while the 
other conducts, during positive alternations of a signal waveform. During. 
a2 We tions Onodiitectonditidhe coh occur. For example, when the 
signal at the collector of Q, goes more positive, MOai is driven into conduction 
while Q, is cut off. On the opposite alternation, when the signal at the 


collector of Q, goes less positive (negative direction), Q, is cut off while Q, 
conducts. 


In addition to developing the proper forward bias voltages for Q, and Q,, 
diodes D; and D, provide temperature compensation. As temperature 
increases, the voltage drops across the diodes decrease slightly. This, in 
turn, reduces the forward bias on Q, and Q,, counteracting any increase in 
collector current caused by a temperature increase. 


The speaker is capacitively coupled to the junction of the emitters of Q, and 
Q,. The_char arge of C, through the speaker eee the audio 
oO. signal. When Q, is eondteting an ~C; charges through 
Q,;. On thé other alternation, when Q, is ent off and Q, | is conducting, C, 
discharges through Q,. R,;,, conn e speaker back to the base of 
Q,, provides additional negative feedback to stabilize the circuit. 


Servicing Procedures 


Servicing the phono amplifier of Figure | is not much different than servicing 
the audio section of a radio receiver. There are, however, mechanical 
problems that can occur with the turntable and pickup assembly. A common 


complaint is slistorted sound. This is often caused by a worn pickup SIVINS- A 
small stylus inspection microscope can be used to check the pickup. Another 
mechanical problem is speed variations caused by slippage in ge in the turntable 
ASE This Sar aioe be ee be careraT Cea ei lubrication. In 
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This photo shows a typical combination radio phonograph 
designed for home entertainment music systems. 
Courtesy General Electric, Audio Products Dept. 


some cases, drive system components such as belts, pulleys, etc., may have 
to be replaced. 


The amplifier of Figure | uses a line-operated power supply and there are no 
batteries to cause trouble. However, there are a large number of portable 
phonographs in use that employ battery power. Always check the batteries 

first in such units. Since many of these portable units are used at beaches, 

etc., they receive rather rough treatment. Check for accumulations of sand, q 
dirt, etc., if mechanical problems are encountered. 


The first troubleshooting step is to observe the operation of the equipment 
and determine what symptoms are caused by the trouble. Unless the 
customer has indicated that the unit blows fuses, smokes, etc., plug the unit 
in and check the operation. The phonograph of Figure | is quite simple, and 
only a short circuit in the motor, line cord or switch would draw enough 
current to blow a fuse, cause burning or cause smoke to appear. 


With the unit operating, place a record on the turntable and determine if any 
sound can be produced. Let’ Ss assume that no output occurs. Lhe-vekinres 
ion point. In ae case, it divides 
the unit into two sections, pickup and amplifier. Touc unded end 
birthenGhimercontnlentneneciencricukTL eberione click i is produced in 
the speaker, you can be reasonably sure the trouble is ahead of the amplifier. 
The problem could be a defective pickup, broken wires in the pickup arm, 
etc. The wires can be checked with an ohmmeter. If no problem exists here, 
the trouble is probably in the pickup unit itself. DO NOT check the leads of a 
magnetic cartridge with an ohmmeter, as this may burn open the fine wire 
coils of the cartridge. An oscilloscope or signal tracer can be used to check 
the pickup output. Most of the ceramic and crystal pickup units employed in 
this type of phonograph produce outputs ranging from several tenths of a 
volt up to a volt. The crystal type pickup units produce the higher outputs. In 


some_units, enough signal cannot be injected at the volume control with’a 
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screwdri illator or_si inj t_be used. 


Experience will dictate the type of signal injection to use. 


If no output is produced when a signal is injected at the volume control, the 
trouble is in the amplifier or power supply. The power supply can be checked 
quickly by measuring its output voltage. A condition of no output voltage 
could be caused by defective diodes, an open motor winding or a shorted 
filter capacitor. You can use your ohmmeter to check these components. It __ 
may be necessary to disconnect one end of the - component being checked to 
eliminate circuit loading effe effects ts when making resistance measurements. 


Assuming that the power supply is operating properly, the trouble is in the 
amplifier if no output is obtained when a signal is injected at the volume 
control. The direct-coupled nature of the amplifier can present some service 
problems. A trouble in one stage is likely to affect the other stages. Since 
bias voltages are especially critical in a direct-coupled amplifier, it is 
important that your meter have an accurately calibrated low-voltage scale. 


It_is often difficult to employ conventional signal tracing or-substitution 
methods-in-chrect-coupled-amphifiers—Because the bias for any stage of a 
direct-coupled amplifier is controlled by the preceding stage, it is sometimes 
difficult to locate the defective stage. It is a good idea, however, to signal 
trace or signal inject as far as you can to eliminate as many stages as possible 
from consideration as the trouble source. When a suspect stage is located, 
the transistor element voltages are then CAREFULLY measured and 
compared to those specified by the manufacturer. This will usually point out 
the source of trouble. In some circuits operating failure of one transistor 
may upset the bias in the other stages to the point where excess currents are 
drawn and other transistors are destroyed. 


The transistors most subject to failure in a circuit of this type are the output 
frangisiars 'As an example, let's assume that Q, develops a collector-to-base 
short, as shown in Figure 3. The voltages circled are the normal operating 
voltages. The uncircled voltages are those present with Q, shorted. Under 
these conditions there is no output, and signal tracing or signal injection 
shows that the output and driver stages are defective. A signal would 
probably pass through a preceding stage, but no further. As shown in Figure 
3, the base voltage of Q, is zero. The base-emitter junction voltage drop 
places the Q, emitter at about .5 volt. The voltage drop across R,» places the 
Q, emitter at approximately .6 volts. Since the base-collector circuit of Q, is 
the collector load of Q., the voltage at the collector of Q, is equal to the drop 
across the bias diodes, or about | volt. The voltage drops across the diodes 
are relatively constant. With the collector of Q, at 1 volt, Q, is still forward 


biased. However, Q, may draw excessive current and might be damaged. If Figure 
this occur also be damaged. 3 


INTERNAL SHORT fas 
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Voltage measurements taken in the Q, stage would quickly show that Q, has 
a collector-base short, as the base and collector voltages Hil be the same. 
For many amplifiers, if it_ becomes 

aoe bec sl bak Te un Car aa 


sup d 


for_proper circuit operation. In a circuit of this type, it is best to begin with 
voltage measurements in a € last 


Stage that passes a 


To illustrate how a defect in an early stage of an amplifier upsets all the 
following stages, assume that the pc board connection to the base of Q, is 
open. Figure 4 shows the basic circuit of Figure 1 under these conditions. All 
circuits preceding the Q, base have been left out of the figure for clarity. 
Under these conditions, the amplifier is inoperative. The uncircled voltages 
are those obtained with the base connection to Q, open. 


O17.5V 


EO ee 


BOA 
CONNECTION (45) 


IV 


Figure 4 


With the base circuit of Q, open, there is no forward bias on Q, and it only 
conducts a small leakage current. Since Q, collector current forms the Q, 
base current, the forward bias on Q, is also decreased. This, in turn, upsets 
the bias on Q, and Q,. Measurement of the transistor terminals, from the 
output stage back to the preamplifier, would show a shift from the normal 
values. Since the bias on Q, controls all of the following stages, the defect 
must lie in the O, stage. The low base and emitter \ voltages on Q; indicate a 
fault in the Q, bias circuit. Measuring the voltage on the other side of the 
break in the pe board will indicate a higher than normal voltage. 


Depending upon the circuit design, signal injection in the driver and output 
Stages may still produce an output. It is difficult to set down any hard and 
fast method of procedure for pinpointing the problem source. The most 
useful procedure is careful measurement of the transistor terminal voltages. 
If the unit is a stereo type with two amplifier channels, the readings in one 
channel can be used to find the defect in the other channel. 
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INTEGRATED STEREO AMPLIFIER 


Figure 5 shows the schematic diagram of one channel of an integrated stereo 
amplifier. This circuit is representative of the types found in console home 
entertainment music systems. The amplifier for the other channel would be 
identical to the one shown in Figure 5. 


The input source is selected by switch S,, which applies the input signal to 
the base of Q,, the preamplifier stage. S, is used to short the inputs to the two 
channels together when a monaural signal is applied to the amplifier. Q, 
operates as an emitter follower and ee arom tae 
increases the input impedance of the stage. Since a ceramic pickup Is used, 
no equalization circuitry is necessary to obtain the proper cartridge output, 
other than the high input impedance of the circuit. 
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Figure 5 


The output signal from the Q, stage is coupled to the tone and loudness 
control circuit through C,. R;, Rg, Rz, Cy and C; form the bass control circuit. 
The bass control circuit has been redrawn in Figure 6. With the movable 
contact at the center of its rotation, as in Figure 6A, there is no boost or 
attenuation of the low frequencies and the control is at its ‘‘flat’’ position. 
Figure 6B shows the circuit when the movable contact of the bass control is 
at the top of the potentiometer. Under these conditions, C, is out of the 
circuit and the output increases as frequency decreases. This results from an 
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increase in the reactance of C; as frequency decreases. The circuit now 
provides maximum “bass boost.” 


Figure 6C shows the bass control R, with the movable contact at the bottom 
of the potentiometer. Under these conditions, C; is shorted out, and the 
reactance of C, increases with a decrease in frequency, causing a reduction 
in output as frequency decreases. The bottom position of the Ry, movable 
contact thus provides maximum “‘bass attenuation.” 


OUT 


R7 (MAX BOOST) (MAX ATTN) 


Figure 6 


The output signal from the Q, stage is also applied to the treble control 
circuit consisting of C,, Rg and C,. The treble control circuit has been 
redrawn in Figure 7. With the movable contact of Ry in the center position, 
as shown in Figure 7A, no boost or attenuation occurs with an increase in 
frequency and thus the control is at its “flat” position. 


Figure 7B shows treble control Ry with its movable contact at the top of the 
potentiometers. Under these conditions, the decrease in reactance of C, as 


z 


IN IN 

Cg he CE 
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Figure 7 
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frequency increases causes an increase in output as frequency increases. 
Thus, Ry now provides maximum “treble boost.” Figure 7C shows the 
circuit with the movable contact of treble control Ry at the bottom of the 
potentiometer. Under these conditions, the decrease in the reactance of C; 
as frequency increases causes the output to decrease as frequency in- 
creases. Thus, the circuit now produces maximum “‘treble attenuation.” 


The combined output from the bass and treble controls is applied to the 
balance and loudness controls. The balance control is arranged to shunt the 
output of either channel. By varying the balance control, the output of either 
channel can be increased above the level of the other to compensate for 
different input signal levels to the two channels. 


The sensitivity of the human ear is not the same to all frequencies. As the 
sound level is decreased, the ear’s response drops off at both low and high 
frequencies. Figure 8 shows a graph of the sensitivity of the human ear to 
different frequencies at various sound levels. The curves of Figure 8 are 
referred to as the Fletcher-Munson curves, after the engineers that per- 
formed the experimental work to develop them. 
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Figure 8 


To compensate for onse of the human ear, both the high- and 
low-frequency _si should be boosted as the volume tevet-is 


decreased to provide a flat response. Since the high-frequency drop-off is 
not as great as the low-frequ rop-off, good results can be obtained by 


just boosting the low frequencies at low vol vels. This arrangement is" 
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in Figure 5. A level or volume control is referred to as a loudness control 


it compensates fo ency response, The increase in the~ 


reactance of Cy, and C, as frequenc decreases causes an increase in the 
voltage from the faps on R;, to round, Thus, as the movable contact on R,, 


@ 


is rotated to lower the volume level, the Jow frequencies” BYE ROOURE pibdlty 
€ = mene i NaI hal - 


OE 


The output signal from the loudness control is fed to Q, for further 
amplification. Q, is direct coupled to the Q, driver stage. The output signal 
from the driver stage is transformer-coupled to the Q,Q, power amplifier. 
The driver transformer provides the necessary phase inversion for the 
output stage. Bias provided by Ry, Ros, Rs, and R,; sets the operating point 
of Q, and Q, just above the Class B point to eliminate crossover distortion. 
Although Q, and Q; are actually operating Class AB, the output stage is 
usually referred to as a Class B output stage. Negative feedback provided by 


C,; and Ry» stabilizes the amplifier-operation“and reduces distortion 


Servicing Procedures 


Although the amplifier of Figure 5 is more complex than the circuit of Figure 
1, itis no more difficult to service. In fact, it may be much simpler to service 
because the entire circuit is not direct coupled. Assuming t that a trouble le has 


2 


stage 1s found, vo valine and resistance measurements can its can be used to locate 
the © defective cc component or compone 


To illustrate the troubleshooting of an amplifier like that of Figure 5, assume 
that coupling capacitor C,, is open. The symptom would be no output from 
the amplifier. Using an audio generator, a signal to the push-pull output stage 
could be injected at the base of either Q, or Q;. A low output with some 
possible distortion would be obtained, since both transistors are not being 
driven at the same time. However, the test would prove that the output stage 
is Operating. The output from the audio generator can now be applied to the 
base of the driver transistor, Q;. With the indicated trouble, an output would 
still be obtained. When injecting signals, always start with the output level as 


low as possible and then adva ain a usable output. will 
prevent overdriving the stage and possibly damagin - 


ponents. 


The output from the audio generator is now applied to the base of Q,, and 
again an output is obtained. However, when the generator output signal is 
moved to the movable contact or top contact of loudness control R,3, no 
output is obtained. This indicates that the defective component is coupling 
capacitor Cy). With C,) open, it can be paralleled with another capacitor and 
normal operation would return. Testing C,) on a capacitor tester would show 
that it is open. 
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An ohmmeter can often be used to check an electrolytic capacitor such as 
Cx,7 When the meter is first connected, the meter pointer will deflect to near 
Zero ohms and then as the capacitor charges, the resistance will increase to 
beyond about 50K ohms. With an open capacitor, no meter pointer 
deflection would be obtained. 


Rather than start the signal injection tests att test Si 


can be injected at the foudness control. This divides the amplifier into two 
sections. If an output is produced when the signal is injected at the loudness 
control, then all the stages following the control are operating and the 
trouble lies ahead of the loudness control. If no output is produced when the 
signal is injected at the loudness control, the trouble follows the loudness 
control. 


Signal tracing may also be used to troubleshoot the amplifier. With this 
method, the signal can be traced from the input to the amplifier output to 
locate the defective stage. Of course, this method requires an input from a 
signal generator or one of the inputs such as the tuner or phonograph. The 
signal tracer output can also be placed at the loudness control to divide the 
amplifier into two sections if desired. 


» Some of the input signals to a high-fidelity amplifier are very low in 
amplitude. The outputs obtained from magnetic phono cartridges and tape 
playback heads are often in the | to 10 mV range. These signals must also be 
equalized, or frequency corrected, to compensate for the equalization that is 
used when recording. 


LOW-LEVEL INPUT STAGES 


To prevent excessive groove width at low frequencies and reduce noise at 
high frequencies, the amplifiers that drive the cutting heads for disc 


An integrated stereo amplifier is shown that contains both a 
preamplifier control unit and a 50-watt-per-channel power 
amplifier. 


Courtesy TEAC Corporation of America 
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NETWORK 
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Figure 
10 


recordings use the Se ae ee of America) fre- 
quency equalization recording curve shown in Figure 9. Note that the 
recording curve shows the low uencies attenuated and the high fre- 
. lo provide a flat frequenc nse on playback, the 
output of the pickup mu St_be_ applied to a network that has a response 
opposite tothe recording curve, as shown in Figure 2. When a ceramic 
pickup is used, equalization is not necessary-The €léctrical characteristics 
GF the BIC HOTTIE the saecaeee raat to produce a near-flat 
frequency response. Some expensive amplifiers include additional fre- 
quency compensation networks to make the playback response follow the 
RIAA curve more closely. However, when a magnetic pickup is employed, 
an RIAA equalizati twork must be included in the preamplifier stage, 
since the ma netic bitkup does nol DEVS aA CHE oe ae 
because ihe Gltpul level oF meas ORECE RSTn stages 
of amplification are required. 
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Figure 9 


A typical magnetic phono preamplifier is shown in block diagram form in 
Figure 10. These are high-gain circuits in which the signal strength is 
increased 60 dB or more. Therefore, extensive precautions must be taken in 
designing these circuits to ensure that hum and noise are not amplified along 
with the desired signals. All signal and ground paths must be kept short. Low 
noise resistors are usually employed, the first Stage transistors are often 
individually selected for low noise outputs, and shielding is often provided 
for the circuits. To retain the quality of a circuit of this nature, any 
replacement part must be the equivalent or a duplicate of the original 
component. 


In those amplifiers that have tape head inputs, the phono preamplifier is also 
used as the tape head preamp. The selector switch is used to change the 
input to the preamp and to change the equalization network being used. The 
tape playback equalization is somewhat similar to the phono equalization. 
Obtaining accurate tape playback equalization usually requires a circuit that 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


11. 


12. 


9 13. 


SERVICING PRECAUTIONS 


PORTABLE PHONOGRAPH AMPLIFIER 


SERVICING PROCEDURES 


INTEGRATED STEREO AMPLIFIER 


SERVICING PROCEDURES 


. What built-in servicing feature is found in a stereo amplifier? 


. In general, an amplifier can be operated without a speaker or suitable load 


when it is being serviced. True or False? 


. What type of soldering iron is the most suitable for printed service work? 
. What is the purpose of R,, in Figure 1? 


. Explain the circuit action if the voltage at the emitters of Q, and Q, in 


Figure 1 tries to decrease. 


. An increase in temperature increases the voltage drop across D; and D, in 


Figure 1. True or False? 


. Distortion in a phonograph system can often be a result of a worn pickup 


stylus. True or False? 


. What is the most convenient point in the circuit of Figure 1 to inject a test 


signal? 


. How can you check rectifier diodes with an ohmmeter? 


Signal injection and tracing are the best means of tracing troubles in a 
direct-coupled audio amplifier. True or False? 


When a transistor is shorted the voltages at the two shorted terminals will 
be the same. True or False? 


A change in the collector voltage of Q, in Figure 1 will cause a change in 
the bias on Q, and Q,. True or False? 


What is the purpose of C, in the Q, stage of Figure 5? 
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14. 


Ib 


16. 


| Ae 


18. 


19. 


20. 


21. 


In Figure 6, maximum bass boost is obtained with the slider of R, at the (a) 
center, (b) bottom, (c) top. 


In Figure 7, what effect does the treble control have on the high-frequency 
response when the slider is at the center position? 


In Figure 7, maximum treble attenuation is obtained when the slider of R, 
is at the (a) center, (b) top, (c) bottom. 


To compensate for the response of the human ear, the high and low 
frequencies must be attenuated. True or False? 


How does R,, in Figure 5 serve as a loudness control? 
The Q, and Q, stage in Figure 5 actually operates Class (a) A, (b) B, (c) AB. 


Suppose C; is open in the circuit of Figure 5. Describe the symptoms and 
the tests you would make to find the fault. 


Electrolytic capacitors can be checked with an ohmmeter. True or False? 
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is matched to the characteristics of the particular type of tape playback head 
being used. For this reason, most high-quality tape machines usually are 
equipped with their own playback preamplifiers. 


QUASI-COMPLEMENTARY-SYMMETRY 
OUTPUT STAGE 


The amplifier circuits shown previously employed a direct-coupled comple- 
mentary output stage and a transformer-coupled Class B output stage. As 
solid-state high-fidelity amplifiers increased in popularity, more types of 
high-quality transistors became available for high-power applications. 


Figure 11 


Transistorized amplifiers are presently available with output ratings of more 
than 1000 watts per channel, and outputs of 60 to 100 watts are now as 
common as 40- to 60-watt outputs were with tube amplifiers. The amplifiers 
with extremely high outputs are also very expensive. Until recently, a PNP 


uasnesmpemenares Ee (put stage shown in Figure IT. This 


circuit employs a PNP-NPN complementary-symmetr iver stage and an 
NPN output stage. The complementary-symmetry driver eliminates 
pe ae : 

oa fe) 
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a 


the need for a driver transf Elimination of the driver transformer 
eliminates the phase distortion introduced 7 a driver transformer. The 


result is an amplifier with greater stability. Q, is both a inverter and 


driver for Q.. 
er rn 


Servicing procedures for the circuit of Figure 11 are similar to those for the 
output stages in Figures 1 and 5. Since the circuit is direct coupled, care must 
be taken when making voltage measurements. Remember, a shift of 
one-tenth of a volt can upset the entire circuit. If one of the drivers or output 


transistors should become defective you should air. Matched 
pairs of driver and output transistors are necessary for proper circuit 
operation. 


FULL COMPLEMENTARY-SYMMETRY 
OUTPUT STAGE 


Some expensive high-power amplifiers use ae complementary-symmetry 
output Stages. oO phase inverter is require the opposite temperature 

° the NPNCand PNP transistors Teo compensate-ens h 
_other. The use of completely complementary circuitry also affects a fur- @ 
ther 1 reduction of distortion in the amplifier. A typical circuit is shown in 
Figure 12. 


Q 


Figure 12 


A further improvement in amplifier performance is obtained if separate 
positive and negative voltage supplies are used. This places the output of the @ 
amplifier at de ground potential, which allows the speaker to be connected 
directly to the output of the amplifier, as shown in Figure 13. Note the 
addition of fuse F,, which has been added to protect the speaker voice coil 
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from any dc voltage which may be applied in the event of a malfunction of 
the amplifier. Any resistance or impedance placed in series with the speaker 
leads will cause some degradation of low-frequency performance. 


Typical values for C, of Figure 12 are 2000 to 3000 wF. For a 20-Hz signal, 
this places about 2.7 to 4 ohms in series with the speaker. Eliminating the 
capacitor eliminates this series impedance. 


OVERLOAD PROTECTION 


Most solid-state high-fidelity amplifiers employ some kind of kind of output over- 
load _or short-circuit protection. The-simplest-protection-is-a-fusein-series _ 
with the output load. Circuit breakers are sometimes _used in place of fuses 
in amplifiers that can withstand a shorted output for a longer period of time 


an that needed to blow a fuse. A circuit in which the amplifier shuts itself Figure 
off when the Toad is short-circuited is shown in Figure 14. 13 


FIGURE I4A 


Figure 14 


Since Q, and Q, are emitter followers, they provide current gain but no 
voltage gai > and Q, circuitry are selected so 
Mowalsovipride current gain but no voltage gain. Thus, the input signal to 
Q, and Q, is power amplified in the normal fashion by the four transistors 
and is coupled through C, to the speaker. 


Diode D, provides de feedback from the Q; emitter—Q, collector junction to 


the © Q, emitter to helpma emitter to help maintain in equal’ de voltage di drops ps across Q; and-Q;. 


po on 5 it functions like the two diodes shown in. 
Figure 14A. That is, D, conducts when the voltage across it exceeds a peak 


amplitude of 6 volts of either polarity 6 volts of either polarity. Normally, the amplitude of the signal 
voltages at the output and input are-equal. Also, the dc voltages at each 
terminal of D, are equal. Thus, Dy is normally non-conductive. 
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Dn ee 

peak amplitude is greater than .6 volt, causes D, to conduct, shorting the 
utput terminals to the input terminal. Thus, the input (and output) signa 

voltage is limited to .6 volt peak amplitude which, in turn, limits the current 


through the output transistors to a safe value. 


POWER SUPPLIES 


The power supplies used in most hi-fi stereo amplifiers are conventional 
full-wave or bridge rectifiers. A step-down transformer is used to obtain the 
desired low ac voltage for the rectifier. With high-voltage transistors, some 
units are operated directly from the ac line with a simple half-wave rectifier. 
Some amplifiers use fully regulated power supplies to decrease distortion 


and increase low-frequency output at full power. 


E| Eo E3 


Fy 


Figure 15 


Figure 15 shows the schematic diagram of a typical low-voltage power 
supply. D, and _D, form the full-wave rectifier. Capacitors C, and C,, 
connected -acrosd! thendiGdess provides meMRIent Drotecticreaaeiae a 
together with R, and R,, form the filter and voltage divider. Zener diode D. 


together with C;, provides a well-filtered regulated volta e for the critical 
low-level stages of the ampltiffer. 


Power supply troubles generally affect both channels of a stereo amplifier 

S is a separate power supply for each channel. When there is 
complete failure of both channels, check the power supply first. Always 
check the fuse or circuit breaker before pulling the chassis. 


With some fuses, a visual inspection is inconclusive. Use an ohmmeter to be 
certain of the fuse’s condition. ATso, connect the ohm é€ Tine cord 
vlug-candcheck nt -theseofd sepitoh and sports keener prirars 
winding. If the unit has a turntable, etc., operatt me line cord and 


switch circuit, and the turntable operates, you can rule out the line cord and 
switch circuit as problems. On some units, the amplifier power switch is 
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mounted in the turntable or changer. You might have to remove the changer 
from its mounting to check the switch, if tests show this to be the problem. 


In some cases, a problem in one channel can affect the power supply so that 
Mest incl hascany GupuL For example, a short in the power output 
stage of one channel could reduce the power supply output voltage. With a 
well designed circuit, however, the fuse or circuit breaker should open to 
prevent power supply damage. It may be necessary to disconnect both 
channels from the power supply and reconnect them one at a time to see if 
this is the cause of the trouble. Another method is to open the power lead to 
each channel and insert a current meter. Comparison of current readings will 
show if the problem is in one of the channels. 


Since there are not many components in a power supply, it is quite easy to 
troubleshoot. An ac voltmeter can be used to check the transformer 
secondary. The diodes and dropping resistors can be checked with an 
ohmmeter. The filter capacitors can be checked with an ohmmeter or 
capacitor tester. 


To illustrate the troubleshooting procedure for a power supply, let’s assume 
that R, is open in the circuit of Figure 15. Both channels of the stereo 
amplifier would be inoperative during this condition. Checking the fuse and 
primary circuit with an ohmmeter would show no fault there. A dc voltage 
check at E, would show normal or slightly higher voltage. A dc voltage 
check at E, would show zero volts. A quick check of R, with an ohmmeter 
would show R, to be open. It is always best to start at the rectifier and work 


towards the lowest _voltage point when measuring power supply voltage. 


As another example, let’s assume that_D, is open. The symptom would 
probably not be total failure of both channels. The output on both channels _ 


would be lower than normal, with a higher than normal hum level. The 
symptoms would rule out primary Circuit trouble. The low output and high 
hum level would tend to indicate a defective filter. However, careful 
‘observation of the hum frequency will show that it is is 60 Hz, not 120 Hz. A 
bad filter in a full-wave supply will produce 120-Hz hum. Since this is 60-Hz 
hum_and the supply is full wave, the trouble must be in the rectifier circuit. 
An ac voltage check of the transformer secondary would show it to be 
normal. An ohmmeter check of both diodes would show D, to be open. 


Experience will show you how to recognize the difference between 60-Hz 


and _120-Hz hum. When 120-Hz hum occurs in a full-wave power supply, you 
can sus r acitors. An ohmmeter or capacitor tester will point 
out the bad unit. However, it is often quicker to disconnect one end of the 
suspected component and substitute a new one. 


Semiconductor diodes can also become short circuited. This often occurs 
when a high-voltage transient on the line exceeds the diode’s breakdown 
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voltage. C, and C, help to prevent this from occurring. With one or both 
diodes in Figure 15 shorted, the fuse will open. An ohmmeter check will 
indicate the defective diode or diodes. If a diode has shorted, always check 

a 
the-transient : suppression capacitors, C, an 


Von nab beanies ee 


Failure of zener-diode-D, will affect the voltage at E, and possibly-at-E;and 
E,. If D; should open, the voltage at E, will probably i increase. If D, should 
short, the voltage at E; drops to zero, and the increased current will probably 
cause fuse F, to open. 


As mentioned earlier, en filter citor ca 1 reduction in voltage 


and an increase of hum in the amplifier. A shorted capacitor r will cause-an- 

increase in current and the voltage across the capacitor will drop to zero. 
The effects of C, shorting would be the same as when D, shorts. If C, should 
short, the voltage at E, and E, will be zero. The increased current through R, 
may damage it. If C,; were to short, the fuse would open. 


From the various examples given, you can see that several troubles can 
cause the same symptom. To isolate the trouble it maybe. necessary to 


or C; without aitcannechnee one of Hee Power supply bauain a me 
deceptively simple, just as with a dc-coupled transistor amplifier. 


Electronic Filters 


The low-voltage power supplies employed in transistor amplifiers require 
large values of filter capacitance to produce low values of ripple. Rather than 


! 

: use large bulky filter capacito used. Figuré 16 

! . 
ourouT iY FILTERED shows the circuit of an electronic filter. Q, operates as an emitter follower 
RECTIFIER [+ i aac between the output of the rectifier and the output of the power supply. With 
i Co | C, in the base circuit of Q,, the apparent capacitance between emitter and 
ground is the value of C, multiplied by the current gain 8, or hy., of the 
transistor. Thus, if C, has a value of 500 wF and Q, has a B of 50, the 
= apparent output capacity is 500 x 50, or 25,000 uF. Since the effective 
Figure capacitance is the product of B and Cy, the e circuit is also referred to as a. 


16 CAPACITY MULTIPLIER. 
@alires of) ee oe 


If excessive ripple is present in a circuit employing an electronic filter, you 
Q_or C, would cause~a high ripple level. Q; can be checked with an 
ohmmeter or transistor tester. C, and C, can be checked with a capacitor 
tester or new units substituted for C, and C,. When replacing Q, make sure 
that the current gain of the replacement transistor is at least the minimum 


i 


value lue Spi > manufacturer. A lower value will reduce the effective 


output capacity. 


7535 
22 


TROUBLESHOOTING HIGH-FIDELITY AMPLIFIERS 


Protective Circuitry 


Some high-fidelity amplifier regulated circuits are designed to electronically 
shut off when their outputs are short-circuited. Figure 17 is a simplified 
schematic of a circuit of this type. 


Figure 17 


During normal operation, the regulator functions in the following manner. If 
output voltage Ep, increases, the Q, base voltage increases. The Q, emitter 
voltage also increases because of the constant voltage drop across zener 
diode D;. Because of the values selected for resistors R;, R, and R;, the Q, 
emitter voltage increase is greater than the increase of its base voltage. This 
condition decreases the forward bias of Q,, causing its collector voltage to 
increase. The increased Q, collector voltage, tied to the Q, base, decreases 
the forward bias of the Qe Darreron enc pass transistors. This results 
in a decrease of E, at the output of the circuit, bringing it back to the original 


value. 


If output voltage E, decreases, the Q, base voltage decreases. Because of 
the constant voltage drop across D, and the resistor values in the circuit, the 
Q, emitter voltage decreases more than its base voltage does. 


This condition increases the forward bias of Q,, causing its collector voltage 
to decrease. The decreased Q, collector voltage increases the forward bias 
of Q, and Q;. This results in an increase of Eo, bringing it back to its original 
value. 


If the output voltage drops considerably because the circuit draws too much 
current or a short-circuit condition occurs, zener diode D; conduction stops, 
and the Q, emitter voltage increases enough to reverse bias Q,. This 
increases the Q, collector voltage enough to reverse bias Q, and Q;, opening 
the output voltage connection to the + terminal. 
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Figure 
18 


Figure 
19 


FREQUENCY RESPONSE 
AND DISTORTION PROBLEMS 


Pr involving distortion, poor frequency response and d the like 
are often more difficult_to Jocate-than_the—Cause—of-a total failure. The 


oscilloscope is srobably the most useful piece ul ment to locate Wy 


this type of trouble. Careful observation of input and output waveforms in 
each stage usually | helps locate the defective stage. Vo tage and resistance 


measurements Can ther be-used-to-tocate the defective component. When a 
stereo stereo amplifier is being Servic asurements in the defective channel 


can be compared to those in the aad channel to help locate the trouble. 


To illustrate how a change in gain can occur, consider the common-emitter 
amplifier stage shown in Figure 18. Suppose that emitter bypass capacitor C, 


opens. The eff be_a loss in gain due to the negative feedba 7 


provided by the unbypassed emitter resistor 

would appé al in ce een affected. 
Input and output measurements taken with an oscilloscope would show 
reduced gain when compared to the manufacturer’s specifications or a 
similar stage in the other channel. Substituting a good capacitor for C, would 


restore normal gain. 


This example points out the need for a thorough understanding of circuit 
operation. This is actually one of your best “‘servicing tools.” In the circuit 
of Figure 18 you would know that the only way the gain could be reduced, be reduced, 
ae eee C, opens and negative feedbac 

introduced. If substitution of C 7 sacicicler a uabatvoie ire ae 


be defective. Substitution or a check with a transistor tester would point out 
a defective transistor. 


Di caused by a bias shift in one or more amplifier stages. 
This i is often a problem in direct-coupled amplifi a defect in one stage 


can cause a shift in bias on the other stages. 


To illustrate the effect of a bias shift, suppose that the connection between 
the lower end of R, and the base of Q, opens in the circuit of Figure 18. This 
defect is shown in Figure 19. Note that the de voltages on all elements of the 
transistor are affected. With the lead from R, open, there is no forward bias 
on Q, and it is operating Class B. Since Q, is an NPN transistor, it will 
conduct on the positive alternation of the input signal only and produce the 
output waveshape shown. 


When testing audio circuits for distortion with 
obtain the test signal from an audio oscillator. Although a plan been or 
tuner can be-used to supply the input signal, it may be harder to locate the 
defective stage because of the complexity of music and voice waveforms. 
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Shorted or leaky coupling capacitors can also cause distortion due to a shift 


in the operating poimt. Often the transistor element voltage changes are not 


great, so use care when making the measurements. 


CROSSOVER 
DISTORTION 


j 


Most of the output stages in transistorized amplifiers operate Class AB, 
although they are usually referred to as Class B- A small amount of forward 
bias is applied to the transistors to eliminate CROSSOVER DISTORTION. 
This type of distortion occurs when one transistor cuts off before the other 
starts conducting. Figure 20 shows the output waveform of a push-pull stage 
with crossover distortion. Note the waveform distortion at the crossover 


point. Severe crossover distortion is shown by the waveform of Figure 21. 


a DiS euch aa tila. check the Was voltages on the 
output stage. ; én a transistor fails in an output stage, enough 
current Is drawn to alter the values of some of the bias components. It is a 
good idea to check the bias component values when you replace output 


transistors. Also make sure you replace both transistors with a matched pair 
when one transistor becomes defective. Mismatched transistors can also 


cause crossover distortion in most amplifier circuits. 


Figure 
20 


Circuit defects that cause changes in frequency response are also sometimes 

difficult to locate. Most amplifiers employ negative feedback to_ reduce 
distortion and tis Te NS ATS TT quency response. If the feedback loop were to 

; : Sar ae ea) Figure 
| UIST a Sie Baaeae Oe Oe a Sa NE 9] 
1 EIS eR a RE increase es 
in gain would be your Key fo suspecting trouble in the feedback loop. p. 

When checking for problems that affect frequency response, a sinewave 
signal is not very useful” Measurements at several Test Trequencies MUSTbe 
simpler method is to employ a square wave i A square wave signal 
conaing BOUT Highs ant Taw-Treeuency components, OSCTIOSCOpE ODSETVE- 

tion of the signal as it progresses through the amplifier will show any 
frequency response problems. 


Figure 22A shows a normal square wave. If the high-frequency response of 
the amplifier is poor, the leading edge will be rounded, as shown in Figure 


23B~To reproduce a proper leading edge, the response of the amplifier must 
be reasonably flat to the tenth harmonic of the square wave fundamental 
frequency. Thus, if a 2-kHz test signal were used, it would check the 
response out to 20 kHz. 


rey eet thtaltiner hate 
Of the square wave, as shown in Figure 22C. Again, a test frequency of 2 
kHz can be used. Good response to 200 Hz or less is necessary to assure a 
flat top on a 2-kHz square wave. 
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POOR LOW- 
FREQUENCY 
RESPONSE 
< HIGH- x | 
FREQUENCY 
RESPONSE 
A B c 
Figure 22 


Seve s_ should be followed when employing Square : 
testing. First, make sure that the output 0 0od square 


wave and that the oscilloscope itself is not introducing any distortion. Also 
make sure that the oscilloscope is not affecting the waveshape when it is 


connected to the circuit. It may be necessary to a low-capacitance scope 


probe when square wave testing in high-impedance circuits. 
rr antag Nahata Aika Slade ge 


The tone and loudness controls also affect frequency response. Make sure 

that these controls are at their flat positions when checking for a frequency 
. oe ee 

response fault. 


The components most likely to affect ue ag es are coupling and 


bypass capacitors. An inters age or outpu S 
frequency response. How ; use of “Wie coupling, coupling 
capacitors and transformers are eliminated. Distortion problems in direct- 


coupled circuits are often due to the dependence of one stage on another for 
bias. 


Another problem that sometimes occurs in an amplifier is oscillation. 
Oscillations can occur at both low and high frequencies. The usual cause is a 


SE ar tbe a PSO OF 8 eee component ip in_a feédback-toep. 
This type of a problem is sometimes cult to pinpoint, as the whole 
amplifier appears to be oscillating. Shunting the power supply bypass 


capacitors will van point out a defective bypass capacitor. Disconnecting 
the signal fee loop will s Ow 1 t em is here. Note: Do not 


Leama SER loops, as Cause a bias change. 


Noise, other than power supply ripple or ac pickup, can also occur in an 
amplifier. This is usually produced in the low-level stages. Slight changes in 
the characteristics of a transistor may cause it to become noisy. You may 
have to select a transistor from several that are available to obtain one with a 
low enough noise level for a low-level stage. Resistors can also cause 
problems in low-level stages. Conventional carbon resistors often produce a 


considerable amount of noise. For this reason, deposited carbon fitm 
ae ee ee 
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FREQUENCY 


TUNING BALANCE 


hei 


2000 
“Ser eve oer eve, 
20-200 6 + 2000-20.000 


The harmonic distortion meter can be used to measure the 
i) actual harmonic distortion in an amplifier. 
Courtesy Heath Company 


resistors are often employed in low-level stages. Always replace one of 


FOUR CHANNEL AMPLIFIERS 


As four channel, or quadraphonic sound becomes increasingly popular, 
amplifiers designed for use with four sound channels are being made 
available. The controls and operating modes that each amplifier offers are 
determined primarily by which type of four channel system the amplifier 
manufacturer favors. 


Some units contain four independent channels of amplification; and some_ 
contain only two power amplifiers, but have control facilities for all four 
channels to adapt available older equipment to the new formats. Strapping, 
or bridging circuits, are offered in some units to utilize all four power 
amplifiers for two channel operation until a later time when the system is 
expanded to four channel use. Figure 23 shows the strapping technique in 


block diagram form. 


® In the two channel mode of operation, the rear channel amplifiers are 


disconnected from the rear channel speakers. The front channel input Figure 
signals are applied to the rear channel inputs through phase inverters. The 23 
7335 
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outputs of the rear channel amplifiers then go to what are normally the 
ground return leads of the front channel speakers. The front and rear 
amplifiers of the left channel therefore drive the front speaker of the left 
channel in what is essentially a series connection of the two amplifiers. The 
right channel operation, of course, is identical. This configuration provides 


more e the amount of power output that each individual amplifier 
can provide in a conventional circuit arrangement. 


SUMMARY 


The most common problems encountered with low-level stages are increases 
in hum and noise levels. Leaky or open filter capacitors, and input stage 
resistors, transistors or mechanical connections can all contribute to in- 
creases in noise and hum levels. 


Most high-powered audio amplifiers use quasi-complementary-symmetry 
output stages, although some more expensive units employ full comple- 
mentary-symmetry throughout the driver and output stages. Some am- 
plifiers use positive and negative supply voltages, which permit direct 
coupling to the output load for improved low-frequency response. 


To protect expensive output transistors, most amplifiers utilize some sort of 
overload protection. This protection might be provided by a fuse, circuit 
breaker, or a circuit that is designed to shut itself off in the event of an 
output overload. 


The power supply in this 120-watt stereo amplifier employs a 
full-wave bridge rectifier and an electronic regulator circuit. 
Courtesy Dynaco, Division of Tyco 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


22. 


23. 


24. 


25. 


26. 


2/. 


28. 


29. 


30. 


LOW-LEVEL INPUT STAGES 
QUASI-COMPLEMENTARY-SYMMETRY OUTPUT STAGE 
FULL COMPLEMENTARY-SYMMETRY OUTPUT STAGE 
OVERLOAD PROTECTION 
POWER SUPPLIES 
ELECTRONIC FILTERS 
PROTECTIVE CIRCUITRY 
FREQUENCY RESPONSE AND DISTORTION PROBLEMS 
SQUARE WAVE TESTING 
FOUR CHANNEL AMPLIFIERS 
How does the quasi-complementary-symmetry output stage eliminate the 
need for a driver transformer? 


The rectifier circuit in Figure 15 is (a) half wave, (b) full wave, (c) a 
full-wave bridge. 


What is the purpose of D, in Figure 15? 


Complete failure of both channels indicates the trouble may be in the 
power supply. True or False? 


How can a fault in one channel of a stereo amplifier make both channels 
inoperative? 


Suppose that R, is open in the circuit of Figure 15. Describe how you would 
troubleshoot the circuit to locate the defect. 


What would be the probable result if D, shorts in the circuit of Figure 15? 


A defective filter capacitor in the circuit of Figure 15 would produce 
(a) 60-Hz hum, (b) 120-Hz hum, (c) 240-Hz hum. 


Suppose C, in the circuit of Figure 15 shorts. Describe the tests you would 
make to arrive at the trouble. 
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ai 


32. 


33; 


34. 


SRE 


36. 


S14 


38. 


9. 


What would the effect be if Q, would short in the circuit of Figure 16? 


How does an unbypassed emitter resistor reduce stage gain? What is an 
advantage of such an arrangement? 


What is a common cause of distortion? 
What is crossover distortion and what is a common cause of it? 


When one output transistor in a push-pull stage fails, it is only necessary to 
replace the defective one. True or False? 


The best test signal waveshape for distortion testing is the 
and for frequency’ response testing is the 
How is poor high- and low-frequency response indicated on a square wave 


test signal? 


The components most likely to affect frequency response are coupling and 
bypass capacitors. True or False? 


Why are deposited carbon resistors employed in low-level stages? 
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Many of the simple hi-fi/stereo amplifiers employ direct-coupled amplifiers 
with complementary-symmetry output stages. Due to the direct-coupled 
circuitry, signal tracing and signal injection may not pinpoint the trouble. In 
these cases, careful bias voltage measurements will usually point out the 
defect. When one transistor in a complementary-symmetry stage is defec- 
tive, both should be replaced, as a matched pair is essential for proper circuit 
operation. 


Troubleshooting amplifiers that employ RC and transformer coupling are a bit 
simpler. Signal tracing or signal injection can be used to locate the defective 
stage. Voltage and resistance measurements in the defective stage can be 
used to locate the defective component. 


Most of the power supplies employed in transistorized hi-fi/stereo amplifiers 
are conventional full-wave circuits. Zener diodes are often used where a 
regulated voltage is necessary. A capacity multiplier circuit is often used to 
provide a large value of filter capacitance to reduce ripple. 


Some power supplies are fully regulated to decrease distortion and increase 
low-frequency output at full power. Some of the regulator circuits also 
provide overload protection by shutting off the output of the power supply 
during overload conditions. 


Four channel amplifiers are also available. Their operating features and 
modes of operation reflect their manufacturer’s approaches to quadraphonic 
sound. 
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IMPORTANT DEFINITIONS 


CAPACITY MULTIPLIER—An emitter-follower stage that provides an 
effective capacity equal to the transistor beta times the base circuit 
capacitance. 


CROSSOVER DISTORTION—Distortion occurring in a push-pull stage 
when one transistor cuts off before the other conducts. 


LOUDNESS CONTROL—A compensated volume control which provides 
bass and treble boost at low volume levels. Many loudness control 
circuits boost only the low frequencies. 
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PRACTICE EXERCISE SOLUTIONS 


1. As long as the trouble is confined to one channel, the voltages, resistances, 
signal levels, etc., in the defective channel can be compared to those in the 
operating channel to locate the trouble. 


2. False—Unless you are sure the circuit will not be damaged if operated 
without a load, always connect the proper value load to the amplifier under 
test. 


3. A low-wattage soldering iron is more suitable than a soldering gun. 
4. R,) provides feedback to stabilize the amplifier. 


5. A decrease in the voltage at the emitters of Q, and Q, increases the forward 
bias on Q,. The reduced Q, collector voltage increases the forward bias on 
Q,. The reduced Q, collector to emitter voltage increases the voltage at the 
collector of Q. and the bases of Q, and Q,. In turn, the conduction of Q, 
increases and that of Q, decreases to bring the voltage at the emitters back 
to the original value. 


6. False—A temperature increase causes a decrease in the voltage drop 
across the diodes. 


7. .rue 
8. The high or ungrounded end of the volume control. 


9. Measure the resistance, reverse the meter leads and measure the resistance 
again. If the diode is good you should get a low reading in one direction and 
a high reading in the other. 


10. False—Signal injection tracing can sometimes be used. However, careful 
voltage measurements are often the only way in which the defective stage 
can be found. 


11. True 


12. True 


13. C, provides negative feedback to increase the input impedance of the Q, 
stage. 


14. (c) top. 


15. At the center position, the treble control has no effect on the high- 
frequency response and the control is at its “FLAT” position. 


16. (c) bottom. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


OH 


28. 


29. 


30. 


31, 


ee 


False—Both the low and high frequencies must be boosted to compensate 
for the drop-off in the ear’s response. 


R,; and the associated components boost the response at low frequencies to 
compensate for the large drop-off in the ear’s response at low frequencies. 


(c) AB. 


The amplifier would be inoperative on all inputs. Substituting a test signal 
at the output stage and working towards Q, would show the amplifier 
functioning normally until the signal is injected at the emitter of Q,. With 
the signal injected at the R,; side of C,, the normal output would be 
obtained. Substituting a new capacitor for C; would restore operation. 


True 


By using a PNP-NPN (complementary-symmetry) driver stage, the driver 
transformer is eliminated. 


(b) full wave. 
D, is a zener diode that provides a regulated supply voltage at output E,. 
True 


A fault such as a short in one channel can reduce the power supply output 
voltage to the point where the other channel becomes inoperative. 


Initial checks of the fuse and primary circuit would show no defect. 
Voltage measurements at E, and E, would show normal or slightly higher 
than normal readings. The voltage at E, would be zero. An ohmmeter 
check would show R, open. 


The fuse would probably open. 

(b) 120-Hz hum. 

Initial tests would show the primary circuit of T, to be all right. A voltage 
check at E, would show normal or slightly lower than normal voltage. R, 
would probably show evidence of overheating and a voltage check at E, 
would show zero volts. An ohmmeter check of C, would show that it is 


shorted. 


With Q, shorted the capacity multiplication would not occur and the ripple 
would increase causing hum in the amplifier. 


The unbypassed emitter introduces negative feedback which reduces stage 


7535 
32 


TROUBLESHOOTING HIGH-FIDELITY AMPLIFIERS 


PRACTICE EXERCISE SOLUTIONS (Continued) 


gain. An advantage of negative feedback is a reduction in distortion and 
increased frequency response. 


33. A shift in the operating point due to a shift in bias. 

34. Crossover distortion is produced in a push-pull stage when one transistor 
cuts off before the other conducts. This type of distortion is often caused by 
a shift in the bias voltages on the output transistors. 

35. False—Both transistors should be replaced with a matched pair. 

36. sinewave; square wave 

37. Poor high-frequency response is indicated by a rounding of the leading 
edges while poor low-frequency response is indicated by a droop in the 
waveform tops and bottoms. 

38. True 

39. Deposited carbon resistors produce lower noise than the conventional 
composition type. 
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1, A - WHEN TESTING AN AUDIO POWER AMPLIFIER -- NEVER OPERATE IT WITHOUT A LOAD, 
Many circuits can be damaged if operated without a load, A resistor of correct value and wattage may be 
substituted for the speaker, 


2. A - THE Q3Q,4 STAGE IN THE CIRCUIT OF FIGURE 1 OPERATES CLASS -- AB. 
Although the stage actually operates Class AB, it is often referred to as a Class B amplifier. 


3. B-INA CIRCUIT LIKE THAT OF FIGURE 1, THE TRANSISTOR OR TRANSISTORS MOST LIKELY 
TO FAIL ARE -- Q3 AND Qg. 
Due to the voltage and current levels encountered, the output transistors are most subject to failure, 


4, A -A SHIFT IN BIAS ON THE Q, STAGE OF FIGURE 1 WILL AFFECT THE BIAS ON -- ALL THE 
STAGES. 
Due to the direct coupling, a shift in the bias on one stage will affect the bias on the other stages, 


5. B-IF C4 IN THE CIRCUIT OF FIGURE 5 OPENS -- NO BASS ATTENUATION WILL OCCUR. 
As shown in Figure 7C, C4 controls bass attenuation. 


6. COC -SUPPOSE THE AMPLIFIER OF FIGURE 5 HAS NO OUTPUT. INJECTING A TEST SIGNAL AT 
THE LOUDNESS CONTROL PRODUCES AN OUTPUT. THE TROUBLE COULD BE -- IN THE Q) STAGE, 
All the circuits following the loudness control are operating and the trouble must be ahead of the loudness 
control, 


7. © - WITH RESPECT TO RIAA EQUALIZATION ON PLAYBACK -- THE AMPLIFIER MUST ATTENU- 
ATE THE HIGH FREQUENCIES AND BOOST THE LOW FREQUENCIES, 

This is the opposite of the recording equalization, and it is used to restore flat response to the recorded 
signal. 


8. D- WHAT WILL BE THE EFFECT IF THE BIAS ON A COMMON-EMITTER PNP TRANSISTOR STAGE 
INCREASES TOWARDS SATURATION? -- CLIPPING ON THE POSITIVE ALTERNATION OF THE OUTPUT, 
With increased bias the circuit will clip the negative alternation of the input resulting in clipping of the 
positive alternation of the output. 


9. D- WHAT COULD BE THE EFFECT IF C) OPENS IN THE CIRCUIT OF FIGURE 15? -- FAILURE OF 
Di. : 

With Cj] open, the circuit would operate normally, However, a line transient could cause Dj] to short since 
Cj protects D) against transients during the time it is reverse biased, 


10, C - A SQUARE WAVE WITH A ROUNDED LEADING EDGE SHOWS -- POOR HIGH-FREQUENCY 
RESPONSE. 

The leading edge indicates the high-frequency response. A rounded leading edge indicates poor high-fre- 
quency response, 
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QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 


Say 


errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


LESSON CODE 


xample: The earth is a 


CACO CCE 600 O80 Ca Oe Oe oe OTe Oe 
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= (A) meteor. (B) comet. (C) star. (D) planet. 
Ls 
BREE 


When testing an audio power amplifier 
(A) never operate it without a load. (B) it is not necessary to unplug the unit while making solder 
connections. (C) short the speaker terminals. (D) no load is needed at the speaker terminals. 


The Q,Q, stage in the circuit of Figure 1 operates Class 
(A) AB. (B) A. (C) C. (D) B. 


In a circuit like that of Figure 1, the transistor or transistors most likely to fail are 


(A) Q;. (B) Qs and Qg. (C) Q2. (D) Q; and Qs. 


A shift in bias on the Q, stage of Figure 1 will affect the bias on 
(A) all the stages. (B) Q, only. (C) Q; and Qs. (D) only Qo. 


If C, in the circuit of Figure 5 opens 


(A) no bass boost will occur. (B) no bass attenuation will occur. (C) no treble attenuation will occur. (D) 
no affect will be noticed. 


Suppose that the amplifier of Figure 5 has no output. Injecting a test signal at the loudness control produces 
an output. The trouble could be 


(A) in the power supply. (B) in the Qs driver stage. (C) in the Q, stage. (D) in the Q,4Q; output stage. 
With respect to RIAA equalization on playback ; 
(A) a magnetic pickup provides self equalization. (B) the amplifier must boost both the low and high 


frequencies. (C) the amplifier must attenuate the high frequencies and boost the low frequencies. (D) the 
amplifier must attenuate both the low and high frequencies. 


What will be the effect if the bias on a common-emitter PNP transistor stage increases towards saturation? 
(A) Clipping on the negative alternation of the output. (B) Clipping on the positive alternation of the 
input. (C) Increased gain. (D) Clipping on the positive alternation of the output. 


What could be the effect if C, opens in the circuit of Figure 15? 
(A) 60-Hz ripple. (B) 120-Hz ripple. (C) Reduced output. (D) Failure of Dy. 


A square wave with a rounded leading edge shows 
(A) poor low-frequency response. (B) good high-frequency response. (C) poor high-frequency response. 
(D) good low- and high-frequency response. 
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This special pickup arm assembly moves in a straight line across the record 
and eliminates the tracking error caused by a conventional pickup arm. 
Courtesy Rabco 
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They do me wrong who say I come no more, 
When once I knock and fail to find you in; 
For every day I stand outside your door, 
And bid you wake, and rise to fight to win. 
—Judge Walter Malone 


SERVICING RECORD CHANGERS 
AND TURNTABLES 


Most home entertainment music systems employ a RECORD CHANGER 
which will automatically play a stack of records and shut off after the last 
record. Some professional music systems employ a TURNTABLE which 
contains no automatic record changing mechanism. Records are played on 
the turntable one at a time. / TURNTABLE is ina- 


tion of the automati rand the performance of 


aturntable. 


Both the turntable and record changer are mechanical devices and the 
troubles associated with them are usually mechanical. Worn, bent or broken 
parts, slippage in belts and pulleys, defective drive pulleys and worn 
bearings are all common troubles. Because the only electrical components in 
the units are a motor and some switches, servicing the electrical system is 
quite simple. 


The mechanical systems employed in turntables and changers in many 
respects are similar and at the same time are different. This lesson will 
present some of the basic mechanical systems. Once you understand the 
operation of one unit the others will be no problem. The simplest servicing 


ap e operation of the unit to determine what functren. 


‘STIFF GOOSENECK 
OR BRACKET 


Figure 1 
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-is not operating properly. Most units can be operated at slow speed by 
Otating the turntable with your hand. In this way you can better observe 
the operation and determine the trouble. Service literature provided by the 


manufacturer and other companies usually gives a step by step operating 
sequence which is a great aid in determining the cause of trouble. 


If you do a lot of record changer and turntable repair, a test jig to hold the 
unit on your bench is helpful. Some of the commercial chassis holding jigs or 
vises can be used. The unit should be elevated above your bench so you can 
observe the operation of the mechanism without tipping it. Many units will 
not operate properly if tilted too far. The jig shown in Figure 1 allows 
complete access to all parts of the turntable, while allowing it to remain 
level. 


DRIVE SYSTEMS 


Many turntables and record changers employ a rim drive system like that 
shown in Figure 2. A rubber idler wheel presses against the inside rim of the 
turntable and motor pulley. Speed changing is accomplished by moving 
the idler wheel up and down the stepped motor pulley. The diameters of the 
motor pulley, idler wheel and turntable are chosen to provide the standard 
speeds of 167/;, 331/,, 45 and 78 rpm. The slowest speed is on the smallest 
step of the motor pulley and vice versa. The turntable rotates on a ball thrust 
bearing or some other low friction bearing. 


TURNTABLE fi 


fl. 0 
tJ mt 
i | MOTOR 
| PULLEY 


BALL THRUST BEARING 


IDLER WHEEL Tm 


Figure 2 


To change speed, the idler wheel is moved up and down the stepped motor 
pulley. Figure 3 shows a common method of moving the idler wheel. The 
idler wheel is attached to a rocker arm. A pin on the rocker arm rides in a 
stepped slot in the speed selector cam. As the speed selector lever rotates 
the cam, the rocker arm moves the idler arm up and down. To prevent flat 


ots on the rubber idler wheel, the unit is arranged so that the idler wheel is 
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Figure 


IDLER WHEEL SUPPORT , SHAFT 4 TOMSPEED 
5 SELECTOR 

LEVER 

SPEED 
SELECTOR 


CAM 


Figure 3 


moved away from both the motor pulley and turntable rim when the unit is 
turned off. 


The drive system shown in Figure 2 provides four specific speeds. There is 
no provision for speed adjustment. Because of manufacturing tolerances, 
wear or low line voltage, the speed may not be exact..Some units provide a 
fine speed adjustment by usi ered stepped motor pulley_li hat 
shown_in Figure 4. nob or lever connected to the rocker arm moves the 
idler wheel up and down the tapered portion of the step to provide fine speed 
adjustment. A speed adjustment of 6% to 10% is typical. 


TURNTABLE ae 


<———- DRIVE WHEEL 


Figure 5 


Another variable speed drive system is shown in Figure 5. Here the speed is 
“infinitely” variable from below the minimum speed, 16?/; rpm, to above the 
maximum speed, 78 rpm. The motor pulley drives a large idler wheel. A 
drive wheel contacts both the turntable and the idler wheel. Moving the 
drive wheel back and forth varies the speed. Moving it towards the hub of 
the idler wheel decreases the speed and vice versa. The lever or knob that 
moves the drive wheel has a detent or notch at the positions which provide 
the four common speeds. The speed control can then be moved back and 
forth around the notch or detent to vary the speed slightly. 
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Drive System Troubleshooting 


There are several types of troubles that are common to most t 
turntable and record changer drive systems. The most common is slippage 
in the drive system. This causes speed variations or “WOW,” and in some 
situations the unit may stop when the change cycle occurs. The rubber drive 
and idler wheels wear and become slick. Also, the inside of the turntable rim 
and motor pulley may become polished with use to a point where slippage 
occurs. Normal operation can often be restored by cleaning the drive system 
components with alcohol or a suitable solvent. It may be necessary to 
replace the idler wheel if it is badly worn. There are also some “nonslip” 
fluids that may be applied to the drive system components to increase 
friction. Be careful when oiling the pulley shafts, etc., so that none of the 
lubricant gets on the drive surfaces or slippage will occur. 


If slippage occurs during the change cycle, be sure the automatic mechanism 
is not binding. You can run it through a cycle by hand to determine if change 
mechanism binding is occurring. 


Another common problem is flat spets-on-the-drive-oridler wheels. This can 
cause a thumping sound or rumble in the audio output. Most units employ a > 
mechanism that moves the drive and idler wheels apart when the unit is 
turned off. If the mechanism is not operated properly, or if it is out of 


The small size of solid-state circuitry permits a complete 
AM-FM/FM Stereo receiver and 60-watt amplifier to be built 
into the base of this automatic turntable. 

Courtesy Harmon Kardon, Inc. 
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adjustment, flat spots can develop. The only cure is to replace the defective 
part. 


Flat spots on parts of the drive sys he idler wheel can also 
pickup and appear in the amplifier output. The resultant sound often takes 
fe form _of- alow pitch REMECE. Actually, ay Wrepnares the ve 


system will cause rumble. The turntable thrust bearing and motor bearings 


are a common cause of rumble. Replacement of the worn parts is the only 
sure cure. 


Other drive system troubles, such as failure to operate at one speed, binding, 
etc., can be traced to bent or broken parts. A good visual inspection will 
often locate these troubles. Grease can also prevent proper operation by 
collecting dirt or wearing out. A thorough cleaning and relubrication will 
cure this trouble. Do not over lubricate, as this can cause an accumulation of 
dirt. Too much grease or oil is as bad as not enough. 


ELECTRICAL SYSTEMS 


The electrical system associated with a turntable or record changer is quite 
simple. Figure 6 shows a typical circuit. The drive motor is controlled by 
switch S,. This switch is generally operated by the speed change lever. On 
some turntables, the switch is turned off by an automatic mechanism when 
the record is completed. On changers, the switch is automatically turned off 
after the last record has been played. : 
switch, form a “‘pop filter’’ to eliminate noise in the amplifier when the motor 
is turned on or off. Four-pole induction motors are quite common on record 
Changers. Professional turntables and some changers employ synchronous 
motors which have greater speed accuracy and regulation. 


The outputs from the pickup unit go through a muting switch. The muting 


switch is linked to the anism so that the output is shorted during any 
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Figure 6 
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automatic operation, such as during a record change, etc, The switch opens 
when the pickup is on the lead- -in groove of the record. 
tT a 


The platter and tone arm share a common ground. This ground is not 
connected within the turntable to the cartridge ground, but is instead 
connected to the amplifier’s ground terminal. This arrangement prevents a 
ground loop from occurring. 


Troubles in the electrical system are usually easy to find. The drive system 
contains only a motor and a switch. An ohmmeter can be used to check each 
of these components. A defective motor or switch is generally replaced, 
except if the trouble is only a broken wire, bent contact, etc. When replacing 
a motor, an exact replacement should be obtained. Many turntables and 
record changers with magnetic pickup units employ a motor with shielding 
to reduce the externatradiated-field—Although-a motor-of-a-different-type 
may work, its field may cause hum pickup by the cartridge. 


On most units, the drive motor is shock mounted on rubber grommets. A 
metal strap is used to ground the motor frame to the frame of the changer 
or turntable. If this strap is broken, noise or hum may be introduced into the 
pickup. 


Depending upon the unit, the output from the pickup may be terminated in a 

set of jacks or in a couple of leads with plugs on the ends. The pickup unit 

can be checked Se BT oa More often 

than not, - _the pickup stylus will need replacement rather t than the pickup 

cartridge itself,Stylus replacement, f pressure adjustment, etc., will be~ 
covered later in this lesson. 


A defect in the muting switch could cause no output, or the muting may not 
occur. You can use your ohmmeter to check the switch. To prevent damage 
to the cartridge or false indications, it is a good idea to disconnect the 
cartridge. You can do this by pulling the connecting pins, or if the unit 
employs a plug-in head, by removing the head. If the switch itself is all right, 
it may be necessary to adjust the activating mechanism. 


The leads which connect to the pickup are made of very fine shielded wire. 
On occasion, they may break from continued flexing and need replacement. 
Make sure the replacement wire is as flexible as the original. A stiffer wire 
could cause pickup tracking problems. Whenever hum or noise is present, 
make sure the shields on these wires are not broken. In some stereo systems, 
the shields on the output leads must be insulated from each other and 
connected together only at the amplifier input. If they are connected 
together at the pickup and the amplifier, a ground loop can occur and result 
in hum and noise. 


7540 
9 


SERVICING RECORD CHANGERS AND TURNTABLES 


RECORD CHANGERS 


Record changers are very popular in home entertainment music systems. A 
stack of records is placed on the changer and the changer plays them one 
after another. At the end of the last record, the changer shuts off. Most 
changers also have a feature that allows records to be played manually, one 
at a time. This is the same type of operation obtained on a turntable which 
does not contain an automatic record change mechanism. This type of unit is 
generally of very high quality and is found in professional music systems. 
The AUTOMATIC TURNTABLE is acombination of both types. It contains 
an automatic record change mechanism which can be mechanically disabled 
so that the unit can function as a manual turntable. 


Carefully follow the manufacturer’s instructions on lubrication. The old 
method, “lubricate anything that moves,” can be disastrous. Some parts like 
trip mechanisms depend upon friction for proper operation. Excess lubrica- 
tion should also be avoided. This can cause an accumulation of dirt and 
result in improper operation. 


This automatic turntable can function as a manual play 
turntable or record changer. 
Courtesy Garrard Div., British Industries Corp. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


DRIVE SYSTEMS 


DRIVE SYSTEM TROUBLESHOOTING 


ELECTRICAL SYSTEMS 


. What is the best way to check out the operation of a record changer? 


2. Explain how a change in speed is obtained with the drive system of Figures 
2 and 3. 
3. Which step on the motor pulley in Figure 2 would provide the lowest 
speed? 
4. How can the speed be “varied” with a stepped motor pulley arrangement? 
5. In Figure 5, moving the drive wheel towards the hub on the idler wheel (a) 
increases the speed, (b) decreases the speed. 
6. A common cause of slippage in a record changer drive system is a defective 
(a) idler wheel, (b) drive motor, (c) turntable bearing. 
7. What is the result of flat spots on the idler wheel? 
8. List some common causes of rumble. 
9. What is a danger of over lubrication? 
10. What is the purpose of R, and C, in Figure 6? 
11. The motor that provides the most constant speed is the (a) induction 
motor, (b) synchronous motor. 
7540 
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12. Why are some turntable motors shielded? 


13. It is usually necessary to replace the pickup stylus more often than the 
pickup. True or False? 


SERVICING RECORD CHANGERS AND TURNTABLES 


There are several types of mechanical arrangements that are common to 
most record changers and automatic turntables. Familiarity with these 
arrangements will enable you to troubleshoot the automatic mechanisms, 
regardless of the type. 


Clutches 


The operation of the record change mechanism is generally controlled by a 
clutch. This clutch is tripped when the reject lever is operated or when the 
pickup arm reaches the lead-out grooves in the record. The clutch drives a 
cam, which moves various levers to position the pickup arm and drop the 
next record on the turntable. 


Figure 7 shows one of the most common clutch arrangements. The small 
drive gear is located on the hub of the turntable, as shown in Figure 8. The 
main cam has an open space in the gear teeth around its circumference. In 
the rest or null position, the turntable drive gear can rotate without moving 
the main cam. 


A trip pin is located on the main cam, as shown in Figure 9A. In the rest or 
null position, it does not contact any of the teeth on the drive gear. When the 
trip is moved outward, as shown in Figure 9B, it contacts the teeth on the 
drive gear. As the drive gear rotates, it pushes the trip pin and thus moves 
the main cam enough that the drive gear engages the teeth on the main cam. 
The main cam rotates about 360°, operating the automatic mechanism. When 
the open spot is reached, rotation of the main cam stops. This type of clutch 


is sometimes referred to as a “mutilated clutch.” 
TS 


Cams 


To produce the desired mechanical movements from rotation of the main 
cam, slots and raised cam surfaces are machined on the main cam. Figure 
10A shows how a raised cam surface can produce an up and down motion as 
needed for raising and lowering the pickup arm. A back and forth motion is 
produced with an eccentric groove, as shown in Figure 10B. This type of 
motion is needed to move the pickup arm horizontally. 


In summary, the mechanical motions of the changer mechanism are initiated 
when the main cam clutch is tripped. Raised surfaces and eccentric slots 
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develop the mechanical movements necessary to drop the next record and 
position the pickup arm. 


DIRECTION 
OF MOTION 


Trip Mechanisms 


Many different types of mechanisms are used to trip the main cam clutch. 
Figure 11 shows a typical arrangement. The clutch is tripped when the clutch 
lever contacts the dog on the turntable drive gear, as shown in Figure 11B. 
A This action rotates the main cam far enough so that it engages the turntable 
drive gear, as shown in Figure 11C. 


The actuating arm is connected to the pickup arm. As the pickup arm moves 
< , towards the center of the record, it pushes the friction plate and the clutch 
DIRECTION OF MOTION lever towards the turntable drive gear dog. The friction plate moves the 
clutch lever by friction. Pickup arm movement from groove to groove is 
quite small. As a result, the clutch lever moves out towards the turntable 
drive gear dog a small amount and is pushed back on each revolution. This is 
shown in Figure 11A. 


Figure The lead-out grooves at the end of the record produce a large amount of 
10 pickup arm movement. This pushes the clutch lever out far enough so that it 
engages the turntable drive gear dog fully, rotating the main cam enough to 

engage it as shown in Figure 11C. 


This type of trip mechanism is often referred to as a “‘velocity trip” because 
it depends upon the rapid movement of the pickup arm in the lead-out 
groove to trip the clutch. Most record changers use this type of mechanism 
to operate the record change mechanism when a record is finished. How- 
ever, the exact mechanical arrangement may differ from one unit to another. 


TURNTABLE DRIVE CLUTCH MAIN 
GEAR LEVER CAM 


FRICTION 
PLATE 


ACTUATING ARM 


Figure 11 
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Record Drop Mechanisms 


As with most of the other mechanisms, the record drop mechanism differs 
from one unit to another and yet they all have some similarities. Figure 12 
shows one common arrangement. A specially designed spindle holds the 
record level. A mechanism within the spindle drops one record at a time to 
the turntable surface. 


7" SET DOWN LEVER 12" RECORD LEVER 


FZ 


PICKUP ARM 


SPINDLE 


STABILIZING ARM 


Figure 12 


Figure 13 shows one type of spindle. As shown in Figure 13A, a shelf on the 
spindle holds the stack of records. An eccentric section of the spindle 
provides the record drop action. With the eccentric section in the position 
shown in Figure 13B, the records are supported on the shelf in the spindle. 
The eccentric is the thickness of a record, and when it rotates to the position 
in Figure 13C, it drops the bottom record to the turntable while holding the 


others. 
seek 
G 


Another spindle arrangement is shown in Figure 14. Again, the record stack 
is held on the shelf of the spindle. When the pusher shaft is moved upward, it 
forces the record pusher to the left, moving the bottom record to a point past 


A B 


Figure 13 
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Figure 
14 


the shelf where it will drop to the turntable surface. The guide holds the next 
to the bottom record in place. 


Many record changers employ a mechanism that determines the size of the 
record and adjusts the set down point of the pickup arm. In addition, some 
units change speed automatically so 7”, 45 RPM; 10”, 78 RPM; and 12”, 33!/, 
RPM records can be played automatically. The mechanism is controlled by 
levers that determine the record size. Figure 12 shows a typical arrangement. 
A lever on the pickup arm support is moved towards the turntable during the 
change cycle. A 12” record will touch it when it drops and set the mechanism 
accordingly. A 10” record will not strike the lever and the mechanism will set 
for a 10” record. The 7” records can be played but not intermixed with the 10” 
and 12” records. Another lever is located near the rim of the turntable. It 
moves upward on the change cycle. With a 7” record, this lever will move 
upward, beyond the turntable surface and set the mechanism for a 7” record. 


Besides stabilizing the stack of records, the stabilizing arm serves to shut off 
the changer after the last record has played. When the last record drops to 
the turntable surface, the stabilizing arm drops down. As the pickup arm 
moves into the lead-out grooves, it trips the clutch on the main cam. The 
dropped stabilizing arm then trips the mechanism to return the pickup arm to 
the rest position and shut off the drive motor. 


A COMPLETE RECORD CHANGER 


To further investigate the operation of record changers, let’s examine the 
operation of a complete record changer. Figure 15 shows the mechanism of a 
typical unit. This particular unit is of the automatic turntable variety. That is, 
it can operate as a manual turntable or automatic record changer. No 
provisions are made for automatic selection of record size or speed. These 
are selected manually. The automatic operation consists of playing a stack 
of records and then shutting off after the last record. 


Operation begins when the start button is pushed. This moves the switch 
lever, which closes the power switch and brings the idler wheel in contact 
with the turntable rim and motor pulley. The speed selector cam moves the 
rocker arm up or down, placing the idler wheel on the proper step of the 
motor pulley. 


The start button also moves the start lever towards the main cam. This trips 
the main cam clutch, causing the main cam to rotate. Rotation of the main 
cam causes the cam rocker to push up on the spindle and drop a record to the 
turntable surface. The main lever, following the groove in the main cam, lifts 
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CAM ROCKER 


POWER SWITCH 
AN 
POP FILTER 


START LEVER 


MAIN CAM MUTING SWITCH MAIN LEVER 


Figure 15 


the pickup arm and moves it towards the record. The pickup arm positioning 
slide determines the set down point for the pickup arm. The record size 
selector lever determines the position of the pickup arm positioning slide. As 
the main cam completes its cycle, a pin moves the start lever back to its rest 
position and the mechanism returns to the rest position as the record is 
played. A depression in the side of the main cam opens the muting switch, 
removing the short on the pickup output. The muting switch shorts the 
pickup output during the change cycle to prevent pickup of change cycle 
noise. 


When the pickup stylus enters the lead-out groove on the record, the shutoff 
lever trips the main cam clutch, starting another change cycle. This unit 
employs the spindle itself to determine when the last record has been played. 


The spindle is spring loaded and when the last record has dropped, it moves 
upward slightly. This causes the end of the change lever to engage the pins 
on the cam follower. On a normal change cycle, the cam follower lever 
shown in Figure 16A is in a position that forces the pin on the main lever to 
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Figure 16 


follow the inner slot on the main cam. When the change cycle is initiated 
after the last record has been played, the change lever is dropped into the 
two pins on the cam follower lever, as shown in Figure 16B. This causes the 
main lever to follow the outside slot in the main cam and hold the pickup arm 
over the rest position. With the pickup arm held in the rest position during 
the change cycle, the switch lever is tripped into the off position. This 
removes power from the motor and disengages the idler wheel from the 
turntable rim and the motor pulley. 


D) 


posse) 
[FID = A 


Figure 16 


Several other features are included on the unit of Figure 15. When the unit is 
set for manual operation, the pickup arm can be raised and lowered with an 
arm lift lever. This permits accurate cueing as well as protecting the pickup 


stylus. The antiskate mechanism provides a tension on the pickup arm to 
_prevent it from across the record to t f the turntable. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


14. 


15. 


16. 


Was 


18. 


19. 


20. 


PAY 


22. 


23. 


24. 


25. 


RECORD CHANGERS 
CLUTCHES 
CAMS 
TRIP MECHANISMS 
RECORD DROP MECHANISMS 


A COMPLETE RECORD CHANGER 


What is the difference between a record changer and a turntable? 


When lubricating a changer, lubricate every moving part. True or False? 


Explain the operation of the clutch arrangement of Figure 7. 


How does the main cam produce the mechanical motions necessary for the 
changer operation? 


Explain the operation of the trip mechanism of Figure 11. 


Would you lubricate the friction plate and clutch lever assembly? 


Explain the operation of the spindle arrangement of Figure 13. 


What would be the result of a bent spindle on a recorder changer? 


What action occurs to determine when a 10” record is on the turntable in 
Figure 12? 


The device on the changer of Figure 12 that shuts off the unit after the last 
record is played is the (a) 7” shut down lever, (b) 12” record lever, (c) 
stabilizing arm. 


How is the clutch on the main cam tripped in Figure 15? 


The unit of Figure 15 automatically determines the record size. True or 
False? 
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26. What is the function of the cam follower lever on the unit of Figure 15? 


27. On the change cycle after the last record has been played on the record 
changer shown in Figure 15, the pin in the main lever follows the (a) inside 
slot in the main cam, (b) outside slot in the main cam. 


SERVICING RECORD CHANGERS AND TURNTABLES 


Troubleshooting Procedures 


To illustrate the servicing procedure for a record changer, let’s assume some 
typical troubles for the unit shown in Figure 15 and examine the cause and 
correction. 


Pickup arm does not set down properly. 


The pickup arm positioning slide assembly is misadjusted or bent.—An 
eccentric screw located on the positioning slide assembly is used to adjust 
the set down location. This screw is accessible through a hole in the top of 
the unit. A 7” record is placed on the unit and the screw is turned until the 
pickup arm sets the stylus about '/,,” inside from the outer edge of the 
record. The 7” adjustment sets both the 10” and 12” set down locations. 


Stylus does not track playing groove of record. 


Worn stylus or incorrect stylus pressure.—The condition of the stylus can 
be checked with a stylus inspection microscope. A normal stylus will have 


the conical shape shown in Figure 17A. Normal wear will produce small 
® flat spots as shown in Figure 17B. Excessive wear will produce a chisel 
point. This not only produces tracking problems, but will ruin a record. NORMAL STYLUS FLAT SPOT 
Wear is greater when playing stereo recordings because of the complex A 3 
Figure 


17, 
TONE ARM 


CALIBRATED STYLUS 
FORCE SCALE 


Figure 18 
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movements involved, and the stylus should be replaced more often. Many 
styli used for stereo recordings have an eliptical shape for improved 
tracking. Use care when replacing the stylus as excessive pressure can 
damage the pickup and/or stylus. 


Stylus pressure is set with the aid of a stylus pressure gauge. Figure 18 
shows a common scale type. The stylus pressure is generally set by 
adjusting the tension on a spring. Set the pressure exactly. Too low a 
pressure will cause tracking problems, and too high a pressure will cause 
excessive stylus and record wear. Figure 19 shows a typical pickup arm. 
To adjust the stylus pressure, the spring located under the arm is set to 
zero and the counter balance set to balance out the pickup arm. Then, the 
pressure spring is adjusted for the desired stylus pressure adjustment (as 
recommended by the cartridge manufacturer). This procedure is known as 
DYNAMIC BALANCING. The pickup height adjustment screw sets how 
high the pickup arm moves on a change cycle. 


COUNTERBALANCE 
WEIGHT 


Bw S Zany 
CL | 
WO 


PICKUP HEIGHT ADJUSTMENT SCREW {3 ZA. 


\ STYLUS PRESSURE ADJUSTMENT 


Figure 19 


Speed variation. 


Inside rim of turntable or idler wheel dirty, worn or dirty turntable thrust 
bearing.—The idler wheel and thrust bearing can be cleaned with alcohol. 
Lubricate only the thrust bearing and the shaft on the idler wheel. A 
nonslip solution can be applied to the turntable rim if it is polished due to 

wear. It may be necessary to replace the idler wheel if the rubber is hard e 
or worn excessively. 
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Change cycle does not occur as stylus enters the lead-out groove. 


Velocity trip or main cam dirty or worn.—The velocity trip on the main 
cam clutch depends upon friction for proper operation. Make sure it is 
clean and NOT lubricated. 


Turntable slows during change cycle. 


Binding in the mechanism, slippage in the drive assembly.—Clean the 
turntable rim and idler wheel. Make sure all levers, cams, etc., are free. An 
accumulation of dirt can often jam the mechanism. 


Unit does not cycle when start or “reject” button is pressed. 


Start lever or main cam clutch trip bent, dirty or misadjusted; defective 
switch.—Check movement of start lever and make sure it trips the main 
cam clutch; adjust as necessary. Clean all levers, slides, etc., and lubricate 
with a good grade of grease. Check power switch to make sure it is 


closing. 
This pickup unit employs interchangeable styli to allow the 
user to select the proper type for the record being played. 
Courtesy Audio Dynamics Corp. 
7540 
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Hum. 


Faulty ground connection. Cartridge leads reversed. Defective cartridge. 
Pickup leads shorted. Ground loop (see manufacturer’s instructions for 
proper ground connections). Broken ground strap from motor to chassis 
or from tone arm to chassis. Ground lead from chassis disconnected from 
amplifier. Cartridge ground wire(s) shorting to chassis ground. 


The troubles and corrections presented are those most commonly en- 
countered with record changers and automatic turntables. A conventional 
manual play turntable does not employ an automatic mechanism and is much 
easier to service. Many high-quality music systems employ this type of unit. 
Extra care in servicing these units is essential because a small amount of 
rumble or speed variation may be noticeable, whereas a typical home 
entertainment system may not show it. 


PERFORMANCE TESTING 
AND ADJUSTMENTS 


In addition to identifying the more obvious irregularities, the service 
technician should be well acquainted with performance testing of a turn- 
table. An elaborate component stereo system is far more sensitive to defects 
and misadjustments than is a portable phonograph. Accordingly, it should 
receive special attention from the technician. 


High-quality component turntables all use magnetic cartridges. Magnetic 
cartridges have greatly improved performance characteristics but have far 
Iess OUST Chant Gera e eee ate meee doe a oa veearoTOR this low 
output, a high-gain preamplifier i éd. The resultant sensitivity is noW 
greater than that of a ceramic or cryStal pickup and, as such, it is more 


responsive to vibrations and turntable deficiencies. In addition, stereo 
systems are more critical than monaural systems. 


Many of the problems associated with high-quality turntables are the result 
of misadjustments, rather than mechanical problems. These adjustments 
will be discussed and should be checked before other problem sources are 
considered. 


Next, the drive assembly should be inspected for dirt and grease accumula- 
tions and loose hardware. 


Thirdly, the mechanical components of the problem area should be 
thoroughly inspected for wear. 
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There is a significantly greater array of measures of turntable performance 
than the average technician may realize. The importance of each cannot be 
overemphasized, as the technician’s ability to cope with them is directly 
related to his customer’s satisfaction. 


The technician will need a rather unlikely piece of test equipment for 
performance testing—a stereo amplifier (and preamplifier) with speakers. It 
is important that this system be in good working order and completely free 
of hum. Several types of stereo test records and a STROBE DISC will also 
be required. A strobe disc is a record-sized disc with printed lines or dots 
used to determine turntable speed through stroboscopic means. When 
viewed under a fluorescent or neon light, the printed pattern on the disc will 
appear to be stationary when the turntable speed is correct. 


The strobe disc ique is useful in determining overall speed accuracy of 


the turntable, but is not like H—eyetrcal speed 
. . re a ek is eS eae 
variations. These variations are kno ' —ai i R. 


low-frequen ion, Causing an audible pitch fluctuation; while flutter is 
you can 


a higher frequency version, causing sound to be impure or gargly. 
detect any wow or flutter, something is wrong. Small amounts of wow may 


This automatic turntable features a mechanically controlled 
pivoting pickup head, giving minimum lateral tracking error 
to the cartridge. 

Courtesy Garrard Div., British Industries Corp. 
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not be easily observed on a normal record, so a test record is recommended. 
Most test records include a series of tones, each having more wow than the 
previous tone. When you can begin to discern an increase in wow, the 
prerecorded wow has just exceeded the turntable wow. 


If a customer complains of turntable rumble, cue the test record to a quiet 
passage (an unrecorded groove) of the test record, set the amplifier’s bass 
control to maximum and gradually increase the volume control. Rumble will 
be clearly heard if this is the problem. Should no rumble be heard, the 
problem may be ACOUSTIC FEEDBACK. 


oustic feqaiback occurs when vibrations from the speaker system are 


1 produce a self-sustaining howling 
noise... This how! is often of a low pitch and easily confused wil rumble. If 
you suspect acoustic feedback, advise the customer to lightly tap the 
turntable while it is on. This action often triggers the “ringing’’ of acoustic 
feedback. Advise the customer that_acoustic feedback e cured 


by moving the turntable far rT from the speakers, placing the 
tu pad, or redirecting the speakers. 


When atone arm tends to skip-towar ’s center, the problem is 
known as skating. This condition is caused by the force applied to the stylus 


by the outer groove of the record. Incorrect stylus pressure or a worn stylus 
can increase this problem, but it is likely that the main problem is a 
misaligned antiskating control. Normally, this control is preadjusted by the 
factory, but a change of cartridge may disturb the effectiveness of the 
setting. The antiskating control should only be aligned in accordance with 
the manufacturer’s service information. In any situation, first check the 
condition of the stylus and the dynamic balancing of the tone arm. 


The technician should also be aware of two other alignment lems and 
their effect on performance. LATERAL TRACKING ANGLE ERROR and 
VERTICAL TRACKING ANGLE cause distortion and excessive record 
wear. 


Lat king angle error is an indication of the amou 
stylus deviates from e record grooves as the tone arm 


moves across the record. On_most turntables, the point of minimum lateral 
tracking angle error only occurs in two places. As illustrated by Figure 20, it 
is ROGSESRFFTID POSITION THE Tone arm so thar Thestylis is sometimes forward 
of the center spindle. This positioning is known as STYLUS OVERHANG._ € 
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Figure 20 


Vertical tracking angle is quite different. It is the vertical angle at which the 


stylus contacts the record as viewed from the side of the cartridge. Figure 21 
shows the ARERR oe a This angle is optimum 
because it matches that used by reco Cturers to cut the master 
record. The 15° angle can be attained by repositioning either the cartridge or 
the tone arm. On automatic turntables, a manual or automatic vertical 
tracking angle compensation may be featured. This device raises or lowers 
the tone arm pivot point to compensate for the height of the records stacked 


on the platter. Its operation should be checked against the manufacturer’s 
service data. 


PERFORMANCE TROUBLESHOOTING 


Unit operates at incorrect speed. 


Motor pulley out of alignment. Idler wheel out of alignment. Wrong motor 
pulley (may be set for 50-Hz operation). Bent speed selector cam. 
Defective motor. 
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Wow and flutter. 


See ‘“‘speed variation” section of Troubleshooting Procedures. 


Rumble. 


Flat spots on the idler wheel or drive surfaces. Bent platter rim or spindle. 
Dirt and/or grease accumulation on drive surfaces. Unit mounted too 
rigidly. Worn platter spindle bearing. Motor mounting grommets damaged 
or missing. Motor mounting hardware loose. Poor design (applies to low 
cost portables). 


Acoustic feedback. 
Speakers too close to turntable. Unit mounted too rigidly. Pickup leads 
too tight. 
Skating. 
Improper stylus pressure. Arm not balanced. Faulty stylus. Antiskating 
control is out of adjustment. 
Distortion. 
Incorrect lateral or vertical tracking angle. Faulty stylus or cartridge. 
Improper stylus pressure. 
Loss of frequency response. 
Faulty stylus or cartridge. 
The turntable or changer should be exactly level or improper operation may 
occur. Special circular levels are available for leveling turntables and record 
changers. Also, the shock mount springs must be adjusted to prevent the 


stylus from skipping from one record groove to another when a person 
walks across the room. 


SUMMARY 


Record changers and turntables are mechanical devices and subject to 
mechanical failure. Your best service tool is careful observation of the 
operation of the mechanism. In this way, you can determine what is not 


7540 
24 


SERVICING RECORD CHANGERS AND TURNTABLES Q3 


a 


The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


A COMPLETE RECORD CHANGER 
TROUBLESHOOTING PROCEDURES 
PERFORMANCE TESTING AND ADJUSTMENTS 


PERFORMANCE TROUBLESHOOTING 


28. What is the result of too low a stylus pressure and of too high a stylus 
pressure? 


29. Normally, the pickup arm set down has to be adjusted for each size record 
(7", 10” and 12”). True or False? 


30. The idler wheel and thrust bearing can be safely cleaned with alcohol. True 
or False? 


31. What is the result of slippage in the drive system? 


32. Ceramic cartridges require high-gain preamplifiers because of their low 
output. True or False? 


33. Explain the operation of a strobe disc. 


34. If a customer complains that his turntable has high rumble, but none is 
heard in a test, what is the likely cause? 


35. If skating occurs, what should be checked before the antiskating control? 
36. Both lateral and vertical tracking angle error cause audible 
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37. The optimum vertical tracking angle is 


38. A worn platter spindle bearing will probably cause 


SERVICING RECORD CHANGERS AND TURNTABLES 


functioning and make the necessary repair. Most units can be operated at 
slow speed by rotating the turntable by hand. 


Speed variation problems are the most common and are generally caused by 
worn drive pulleys. Sometimes the application of a nonslip compound will 
cure the troubles. However, replacement of the component is the best 
procedure. 


Proper cleaning and lubrication of the automatic record change mechanism 
is very important. Over lubrication can cause an accumulation of dirt and 
result in improper operation. 


High-quality stereo turntables are far more sensitive to irregularities than 
are low cost units. Many of these faults can be traced to the improper 
alignment of mechanical components. A stereo amplifier (and preamplifier) 
with speakers, a strobe disc and test records are required to evaluate the 
performance of a high-quality turntable. 
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IMPORTANT DEFINITIONS 


AUTOMATIC TURNTABLE—A high-quality record changer that ap- 
proaches or equals the performance characteristics of a professional 
turntable. 


ACOUSTIC FEEDBACK—Vibrations from the speaker system that are 
transmitted back to the pickup cartridge, producing a self-sustaining, 
howling noise. Also sometimes called ‘“‘howling.”’ 


DYNAMIC BALANCING—The process of balancing a tone arm in all 
planes. It is achieved by first adjusting stylus pressure to zero, moving 
the tone arm counter weight until the arm is balanced, and then 
readjusting the stylus pressure for the desired tracking force. 


FLUTTER—A high-frequency wavering of recorded signals caused by rapid 
repetitive turntable speed variations. 


LATERAL TRACKING ANGLE ERROR—An indication of the amount that 
the pickup stylus deviates from perfect tangency to the record grooves 
as the tone arm crosses the surface of a record. r 


RUMBLE—A low-frequency sound generated by vibrations in the motor or 
mechanism of a turntable (mostly in the vertical plane) that is picked up 
and reproduced by the cartridge. 


SKATING—The tendency of a tone arm to slide toward the center of the 
record, caused by the force applied to the stylus by the outer groove of 
the record. 


STROBE DISC—A record-sized disc with printed lines or dots used to 
determine turntable speed through stroboscopic means. The pattern 
appears stationary when the disc is viewed under fluorescent or neon 
light and when the turntable speed is correct. 


STYLUS OVERHANG—The amount that the pickup stylus must be located 
forward of the turntable center spindle to achieve minimum tracking 
error. 


VERTICAL TRACKING ANGLE—The vertical angle at which the stylus 
contacts the record as viewed from the side. 


WOW—A low-frequency wavering of recorded signals caused by slow, 
repetitive turntable speed variations. 
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PRACTICE EXERCISE SOLUTIONS 


. Operate the unit at slow speed by rotating the turntable by hand. 


. Speed change is accomplished by moving the idler wheel up and down the 


motor pulley through a cam and rocker arm assembly. 


. The smallest diameter step would provide the lowest speed. 


. The speed is made variable by tapering the steps on the motor pulley as 


shown in Figure 4. 


. (b) decreases the speed. 
. (a) idler wheel. 


. Flat spots on the idler wheel usually cause a thumping sound and possibly a 


variation in speed. 


. Defective turntable thrust bearing, worn motor bearings, flat spots and 


irregularities in the drive system can cause rumble. 


9. Over lubrication can cause an accumulation of dirt and result in improper 
operation. 

10. Pop filter. 

11. (b) synchronous motor. 

12. To prevent hum and noise pickup by the cartridge. 

13. True 

14. A record changer contains a mechanism to automatically play a stack of 
records. A turntable is designed for single play manual operation. 

15. False—Some parts should not be lubricated as they depend upon friction 
for proper operation. 

16. In the normal or rest position, the turntable drive gear rotates in the open 
section of the main cam. To trip the clutch, a trip pin is pushed outward so 
it engages the teeth on the drive gear. This rotates the main cam enough to 
engage its teeth and start a cycle of operation. 

17. An eccentric slot produces horizontal movement while a raised cam 
surface produces vertical movement as the cam rotates. 

18. Normal movement of the pickup arm does not move the clutch lever far 
enough to engage the dog on the turntable drive gear. Once the lead-out 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


Lo: 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


£9 IS 


32. 


ARS 


34. 


grooves are reached on the record, the pickup arm moves the clutch lever 
far enough to engage the dog on the turntable drive gear. 


No—Proper operation depends upon friction between the friction plate 
and the clutch lever. 


Rotation of the eccentric moves the bottom record off the shelf, allowing it 
to slide down the spindle to the turntable surface. 


Either the spindle mechanism would not operate or, if it did, the record 
might not slide past the bent spot. 


The 10” record will not strike the edge of the 12” lever, thus setting the 
mechanism for a 10”, 78 RPM record. 


(c) stabilizing arm. 


Movement of the start lever toward the main cam trips the main cam 
clutch. 


False—The record size is selected manually. 


The cam follower lever switches the main lever so that it follows either the 
inner or outer slot on the main cam. 


(b) outside slot in the main cam. 


Too low a stylus pressure will cause tracking problems and too high a 
stylus pressure will cause excessive stylus and record wear. 


False—Usually one adjustment for the 7” size will set the adjustment for 
the 10” and 12” sizes. 


True 


Slippage in the drive system can cause speed variations, a slowdown during 
the change cycle or even a stoppage during the change cycle. 


False—A ceramic cartridge has a high output. A magnetic cartridge 
requires a high-gain preamplifier. 


A strobe disc is placed on a platter and brought up to playing speed. The 
disc is then viewed under a fluorescent or neon light. If the playing speed is 


correct, the pattern on the disc will appear to stop. 


Acoustic feedback. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


35. Tone arm balance and stylus condition. 
36. distortion 
Rieilo: 


38. rumble 


De VRY INSTITUTE OF TECHNOLOGY 
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1, CO - THE DRIVE SYSTEM SHOWN IN FIGURE 2 OPERATES AT 78 RPM WHEN THE IDLER 
WHEEL IS ON WHICH STEP OF THE PULLEY? -- BOTTOM. 
On any other step, the idler wheel would make fewer rotations. 


2. © - THE-DRIVE SYSTEM SHOWN IN FIGURE 4 PROVIDES -- FOUR SPEEDS, EACH SLIGHTLY 
VARIABLE. ; 
The steps on this motor pulley are tapered to allow a 6% to 10% speed variation. 


3, ©C- FLAT SPOTS ON THE IDLER WHEEL USUALLY CAUSE -- RUMBLE. 
A flat spot on the idler wheel disturbs the smooth transmission of power from motor to platter. 


4, C-IF C) IN FIGURE 6 OPENS, -- NOISE WILL OCCUR IN THE AMPLIFIER OUTPUT WHEN THE 
TURNTABLE IS TURNED ON OR OFF. 
C , is a part of the pop filter. 


5. A - THE MECHANISM WHICH POSITIONS THE PICKUP ARM AND DROPS THE RECORDS IS 
GENERALLY DRIVEN BY THE -- MAIN CAM. 
As shown in Figure 10A, the main cam controls both the vertical and horizontal pickup arm movement. 


6. D- THE ACTUATING ARM IN FIGURE 11 TRIPS THE MAIN CAM CLUTCH WHEN THE -- PICKUP 
STYLUS ENTERS THE LEAD-OUT GROOVE ON THE RECORD. 
The large movement of the pickup arm forces the clutch lever to engage the actuating arm. 


7. A -A RECORD IS DROPPED TO THE TURNTABLE WHEN THE ECCENTRIC IN THE SPINDLE OF 
FIGURE 13 -- ROTATES TO THE POSITION IN FIGURE 13C. 
This removes the force which holds the record. 


8. A - IF THE CHANGE LEVER IN FIGURE 16A JAMS IN THE POSITION SHOWN, -- THE UNIT WILL 
NOT SHUT OFF AFTER THE LAST RECORD IS PLAYED. 
No pressure would be applied to the power switch. 


9. B -IN ORDER TO OBSERVE SMALL AMOUNTS OF WOW, -- A TEST RECORD IS USED. 
Passages of a tone with increasing wow are played until the wow can be detected, 


10, D - LATERAL TRACKING ANGLE ERROR CAN BE MINIMIZED BY -- STYLUS OVERHANG. 
This increases Overall tangency of the stylus to record groove. 
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QUESTIONS 


IMPORTANT—These_ instructions MUST be accurately followed to avoid loss, or 


errors in grading. 


) 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


eetT Example: North America is 
ODE : 
z 2 (A) an island. (B) a country. 
7540A - - (C) a continent. (D) a peninsula. 
1A = The drive system shown in Figure 2 operates at 78 RPM when the idler wheel is on 
: which step of the pulley? 
D | (A) Top. (B) Second from the top. (C) Bottom. (D) Third from the top. 
2; = The drive pulley shown in Figure 4 provides 


(A) four fixed speeds only. (B) an infinitely variable speed. (C) four speeds, each 
f_|__ slightly variable. (D) only 331/s RPM operation. 


[_] Flat spots on the idler wheel usually cause 
(A) a higher than normal speed. (B) a lower than normal speed. (C) rumble. (D) the 
motor to overheat. 


eS 

If C, in Figure 6 opens, 
= (A) wow will occur. (B) rumble will occur. (C) noise will occur in the amplifier 
| output when the turntable is turned on or off. (D) there will be no noticeable 
elect, 


yax> some vaRD> 
DL 


The mechanism which positions the pickup arm and drops the records is generally 
driven by the 


(A) main cam. (B) idler wheel. (C) speed change cam. (D) turntable rim. 


SaaS 


(A) pickup stylus enters the lead-in groove on the record. (B) pickup arm is lifted. 


Les] 

ioe 

[| The actuating arm in Figure 11 trips the main cam clutch when the 

ms (C) turntable stops. (D) pickup stylus enters the lead-out groove on the record. 
Eel 


A record is dropped to the turntable when the eccentric in the spindle of Figure 13 

[| (A) rotates to the position in Figure 13C. (B) moves upward. (C) moves 

[| downward. (D) rotates to the position in Figure 13B. 

If the change lever in Figure 16A jams in the position shown, 

(A) the unit will not shut off after the last record is played. (B) the unit will not 
play the last record. (C) the record drop will not operate. (D) the main cam clutch 
will not trip. 


(A) a strobe disc is used. (B) a test record is used. (C) the amplifier bass is 
increased. (D) the tone arm is balanced. 


@ ,) 10. Lateral tracking angle error can be minimized by 
(A) setting the vertical tracking angle at 15°. (B) lubricating the thrust bearing. (C) 


reducing flutter. (D) stylus overhang. 


= In order to observe small amounts of wow, 
fet] 
ca! 
ea 
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Tape decks, like the one shown above, include recording amplifiers and 
playback preamplifiers. In addition, this deck provides automatic tape 
reverse as well as self threading. 
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Things don't turn up in this 
world until somebody turns 
them up. 

—Garfield 


TAPE RECORDER REPAIR 


Several kinds of tape recorders are available for use as consumer, industrial 
and institutional products. Stereo tape recorders provide relaxing music in 
our homes and automobiles. Schools use tape recorders for language and 
speech training. Industrial uses include in-plant training, information stor- 
age, etc. The list goes on and on. 


Maintenance and repair of tape recording equipment can become a major 
part of an electronic service technician’s business. Most recorders are of 
good quality and when necessary, extensive repair is justified. However, 
there are some low-priced units on the market where it may be more 
profitable to replace the unit, rather than repair it. 


Tape recorders, like record changers and turntables, are mechanical in 
nature, and subject to some of the same mechanical problems. Some of the 
electronic circuits employed in tape recorders are similar to those found in 
hi-fi/stereo amplifiers and radio-television receivers. The servicing proce- 
dures for tape recorders are therefore not very different from those used for 
receivers, amplifiers and record players. 


MAGNETIC TAPE RECORDING 


A basic component in a magnetic tape recording system is the magnetic tape. 
The tape consists of a plastic base, a coating of iron oxide particles, and the 
binder that bonds the oxide particles to the base. Most audio tapes are .5 mil 


to 1.5 mils thick (.0005” to .0015”), and about 70% of this thickness is the base 
material. 


7 yet 
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Information is placed on the tape by magnetizing the oxide coating with the 
recording signal. Figure 1 shows the magnetic tape during the basic 
recording process. During recording, the tape is moved past an elec- 
tromagnetic assembly. The signals to be recorded are applied to the 
electromagnetic assembly, or RECORD HEAD, and a “magnetic impres- 
sion”’ of the signal is left on the tape. 


Recording a Signal 


The record head construction and the manner in which a signal is recorded 
on the tape are shown in Figure 2. Signal current in the coils causes magnetic 
flux in the soft iron core. The circulating magnetic flux bridges the headgap 
by passing through the magnetic oxide layer of the tape that is traveling 
across the surface of the record head. The signal is recorded on the tape by 
the flux at the trailing edge of the headgap. The strength and polarity of the 
signal recorded on the tape are determined by the signal in the coils of the 
record head. 


Bias 


Th etization, or tape transfer characteristic curve, of the iron oxide 
used for recording tape has a nlinear region as shown in Figure 3. If an 
audio signal were recorded directly on the tape, it would be quite distorted. 


To eliminate this distortion, the recording signal must be “biased” so it does 
not operate in the nonlinear region. This is done by mixing a high-frequency 


ac current called BIAS with the recording signal current as shown in Figure 


4. This bias signal is at least five times the frequency of the highest signal 


frequency to be recorded. Typical bias frequencies range from 80 to 200 
kHz. 


Figure 5 shows how the bias signal eliminates the distortion. The bias signal 
acts like a de bias, except that it is effective on both portions of the 
magnetization curve. Phe-bias_signal is too high in frequency to be recorded 
on the tape, but the audio signal variations of the bias current are kept out of 
the nonlinear region 0 
undistorted recorded signal. 


——— 


The value of bias is very critical. Too much bias current or too little bias 
current willcause_distortion. In critical applications, the value—of—bias 
current is different for each type of tape used. The technical manual for a 
given tape recorder will provide instructions for adjusting the bias level. 


Som = oy-a-de—bias-arrangement._This 
confines the recording to one or the other half of the magnetization curve. 


i nee 
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agnetization curve. The net result 1s an 
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Although the distortion is eliminated, the dynamic range is reduced. For 


dictation or voice recording, this is not a serious problem. Besides reducing 
the dynamic range, dc bias also tends to increase the tape noi ~ 
Cee ee een aT ae a SS te es ee ee ee 


Playback 


When playing back a prerecorded tape, the magnetic flux on the tape induces 
a signal in the coils of the PLAYBACK HEAD. The playback head output is 
connected to a high-gain preamplifier whose output goes to a power 
amplifier. In many recorders, the is used for both 
record anid bla tne escheat aarcleccbe wich eee 
circurtry is connected to the head. Some recorders—use-separate-playback 
heads and do not require this switching arrangement. 
a 


The playback f resp imitations of the recorder are determined 
by the playback head gap width and the speed at which the tape passes the 
playback head: The wavelength of a recorded signal of a given frequency is 
longer ona tape-moving at a high speed than it is ona ‘tape that is moving-ata 
slower_speed. Therefore,-at-a-high tape speed, a small portion of a 
low-frequency signal wavelength is across the gap width and, as shown in 
Figure 6A, the amplitude of the recorded flux, Ad, is small. If the tape were 
moving half as fast, twice as much of this signal wavelength would be across 
the gap width at the same frequency. The recorded flux, Ad, would then be 
higher in amplitude and would induce a stronger signal in the playback head. 
This shows that better low-frequency response is achieved at lower tape 


SSecdeE a Sanus Tine WNh ares, Me GENE ae eee 


As the recorded signal increases in frequency, more of the signal is across 
the headgap, and the recording flux, Ad, increases. The amplitude of Ad is 


manimun When one halt cycle ar he tecorded sieual savalesat aaa 
the headgap, as shown in Figure 6B. At twice this frequency, when one 
entire wavelength is across the headgap, the each end of the gap widt 


is identical, as shown in Figure 6C-At this point Ao is zero, and no signal is 
induced in the playback head. If the tape-speed-were-doubted;the conditions 
for this same frequency would then be as shown in Figure 6B. This_shows 
that better highs irequeiey Tesponscis achieved with higher tape speeds and 


smaller headgaps. 
—<—<—<—<—<<—————__— 


To provide good high- response, most high-quality tape recorders 
reel-to-reel tape recorders have tape speeds of 7!/,, 3°/, and 17/s inches per 
second (ips). Cartridge machines run at 3°/, ips and cassette units run at 17/, 


ips. Higher tape speeds make good high-frequency response more easily 
obt&inablemqaati- aa Sao amelie aioe acetate 
a, 
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Equalization 


Certain factors also cause nonlinearities in frequency response of the signal 
that i 1S recorded on the eee: To To compensate for these >» nonlinearities and. to 


ation” are are “shown in in Figure ie The onan amount of equalization ited 
depends on the characteristics of the record head and the type of tape that is 
used. 
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Figure 7 


As explained previously, the frequency response of a playback head _is_ 
maximum when the headgap size is one-half the recorded wavelength of the 
signal. Above this frequency, playback response falls off very rapidly. 
Below this frequency, playback response falls off at a rate of 6 dB per 


octave. 


To compensate for these frequency irregularities, and also for the equaliza- 
tion of the recorded signal, standard playback frequency equalization curves 
have been selected for use, as shown in Figure 8. 
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The output signal taken from the playback head goes to a preamplifier whose 
output is applied to an equalizer network whose response is shown by the 
curves of Figure 8. The resultant output of the equalizer network is a signal 
with relatively flat frequency response. 


Erasing 


One of the advantages of magnetic tape is that the signals can be “‘erased”’ 

and the tape used over again. Erasing is accomplished by 1 by subjecting the tape 

to a strong magnetic field that removes the magnetic ps pattern forming the 

signal. One of the most common methods is to use the same ime high-frequency 

signal that is used for bias. This signatis fedto_a separate he head called the 

ER . The High-frequency signa m—the erase head is not 
ECtiv 


reproducible andit ely removes the signal from the tape. 


> 


Some of the lower priced units erase the tape by placing it in the field of a 
permanent masnet: Although Unease are tte 
noise level. The erase head is activated whenever a signal is to be recorde 

The erase | head is siesta SA pe 
so that the tape is erased before recording. Most tape recorders have an 
interlocking switch arrangement which requires two buttons to be pressed 
before recording can occur. This helps to prevent accidental tape erasure. 


Bulk tape erasers are also popular. These units are actually large elec- 
tromagnets that operate off the 60-Hz line. The magnetic field starts at full 
strength and then gradually decreases to zero to erase the tape. On some 
hand-held units, the bulk eraser is slowly moved away from the tape reel 
before the eraser is turned off. If the unit were abruptly turned off while the 
tape was in the influence of the magnetic field, it would magnetize the tape to 
the level and polarity of the line current at the instant that the eraser was 
turned off. 


RECORDING AND PLAYBACK AMPLIFIERS 


Most tape recorders consist of a tape transport and electronics containing 
recording and playback amplifiers. Separate amplifiers can be used for 
recording and playback, or parts of the same amplifiers may be used for 
both. Some tape units are made for playback only, such as automotive 
8-track stereo players, and these only contain playback amplifiers. Some 


tape s contain no amplifier circuits at all. These units are referred to as 
‘tape transports. For playback, they can be connected to regular hi-fi/stereo 


amplifiers that have input circuitry or tape heads. Special amplifiers are 
needed for recording. 
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Figure 9 shows a typical combination recording and playback amplifier. Ohly 
the preamplifier and power amplifier for one channel are shown. The other 
channel is identical. 


The circuit of Figure 9 employs a conventional full-wave rectifier in the 
power supply to provide the operating voltage for the various circuits. 


eee with power transformer T...,form a 
-wave rectifier circuit. Voltage divider resistors R565, Rses and R567, 


“together with capacitors Csyz,, Csazg, Csazc and Cs4g, form the voltage 


dividers and filter circuit. Switch S;9. controls the voltage at point A, 29.5 
volts. This voltage is applied to the bias oscillator when So. is closed during 
record. During playback, the bias oscillator is inoperative. 


The tape transport drive motor is connected in the primary side of power 
transformer T;):, and is energized wherever the unit is turned on. A system 
of belts, pulleys and linkages drive the mechanism. 


The amplifiers and other circuitry for the tape recorder are mounted on 
separate printed circuit boards, as indicated by the dashed-line boxes in 
eer is 9. The_bias/erase oscillator circuit consists of Qos and Qso9» along 


A a eae 
monic aistertion’ The peciieror ateehene is important. A distorted bias 


signal can result in distortion of the recorded signal. This particular circuit 
uses a bias frequency of 80 kHz, which is typical for many home- 
entertainment type recorders. 


Store and S5o;~. are part of the Record/Playback switch. In the playback 
position, the output from the bias/erase oscillator is grounded and not 
applied to the erase heads. During recording, power is applied to the 
bias/erase oscillator, and the erase heads are connected to the oscillator 
output. The output from the oscillator is also applied to the recording heads 
through an RC network. The connection to the record heads is from point X 
above the left-hand winding of oscillator output transformer L3 .. This is 
connected to the left channel record head through point X in the lower 
left-hand portion of the schematic. Potentiometer R,., is used to adjust the 
amount of bias current for the left channel record head. 


The power amplifier consists of the driver Stage, Ooos, and the Qsog, Qaoz 


push-pull output stage. The output of the amplifier is a conventional Class B 


‘transformerless output circuit. The driver transformer T.), provides the 


required 180° out-of-phase signals to the output stage bases. Roz, sets the 
bias for the driver stage. Negative feedback is provided by R,,,; to improve 
frequency response and reduce distortion. 
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The signal applied 1 to » the ‘power amplifier is controlled by volume control 


I TE eS = 
Rogep. This control is part of a dual control with the other half of R,., in the 
other channel. Tone control Ry ,5, is simply a treble loss circuit. Moving the 


movable_contact of Rog;, towards the ground end decreases the impedance 
Licata Tracie emraner aac ige cs the 
high-frequency response, thus yieldi ’ bass boostsewe = 


On_the preamplifier board, most of the circuitry is used for both recording 
and playback by_ appropriate switching. Let’s examine the unit in the 


playback mode first. Multiple pole switch S,,, sets up the preamplifier circuit 
for playback or recording. In the position shown, S, 9, is in the playback 
mode. 


In the playback mode, Syo;p grounds one side of the record/playback head 
and S,),, connects the other side through Roo; and Cy. to the base of Qo. 
Soo1z and S5o:c short the microphone (mic) and source inputs to ground. The 
output signal from the collector of common emitter amplifier Q,,, is coupled 
through C,), to the level control, Rogg. From Rogg, the signal is applied 
through Ryo, and Cy); to the base of Qs... From the collector of common 
emitter amplifier Qs, the signal is applied through Cy. , to the base of Qs. 
There is a feedback network from the Qo; collector to the Qo». emitter. The 
settings of record/playback switch section Sy9;- and speed equalization 
switch S49, determine what components are in the feedback network. The 
setting of So, determines whether record or playback equalization is used, 
and the setting of S49, determines the frequency response of the equaliza- 
tion. 


From the collector of Quyo3, the signal is applied through C,,, to volume 
control Rygg3 and the power amplifier. The signal is also applied through R57» 
to external amplifier jack Jo, for use with a hi-fi music system. A VU meter 
is also connected to the output of Qs 3. Although the meter functions on 
playback, its primary purpose is as an aid in setting the recording level. 
Potentiometer R,,,; is used to calibrate the VU meter. 


The output signal from Qs 3 is also applied to the base of recording amplifier 
Qoo4. However, during playback, the Q.), output is shorted by record/ 
playback switch section Syo1p. 


For recording, S.o, is placed in the record position. In addition, S59, applies 


power to the bias/erase oscillator. Sso:~ (S,o;g in the other channel) applies 
the high-frequency erase signal to the erase head. S.5,,4 connects the mic 
input to the base of Q.o,;, and S,9;- connects the high level source input (such 
as a tuner output) to the level control. 
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The record signal is amplified by Qyo. and Qsyo3, and then applied to the 
recording amplifier, Q.»;. The output from Q, , is applied to the record/ 
playback head through Cy;¢, Roo; and Soo1p. Sooi1c grounds the other side of the 
head during recording. The high-frequency bias signal is also applied to the 


head through R,,, and C,,7. Ro», 1s adjustable, so that the level of bes 
set for minimum distortion. eee oe 


The signal applied to Qs), also appears at jack Joo, and also the power 
amplifier input. This permits monitoring of the recording signal. Level 
control Rogs is used to set the recording level. Normally, the level is set so 
that the average recording signal level indicates about —10 VU on the VU 
meter, with signal peaks just reaching 0 VU. If the recording level is too 
high, distortion and “print through” can occur. PRINT THROUGH is a 
transfer of the magnetic field from one layer of the wound tape to another. 
Volume control Rogen Sets the level of the monitor signal. — a 


As mentioned earlier, the circuit of Figure 9 employs common circuitry for 
both playback and recording. Some machines employ separate amplifiers. 
This permits special effects, such as sound-on-sound and echo, when 
separate record and playback heads are used. 


Tape decks for use in hi-fi/stereo systems may contain a playback pream- 
plifier and a recording amplifier. No power amplifier is included, as the one in 
the hi-fi/stereo system is used. 


PERFORMANCE 


Modern reel-to-reel tape recorders are capable of extremely high-quality 
performance. Some of the more expensive consumer tape recorders can 
provide recordings that are as good as any that may be obtained with 
studio-type equipment. These top-quality recorders use low-noise and 
high-output low-noise tapes for recordings with improved frequency re- 
sponse and higher signal-to-noise ratios. 


The best reel-to-reel recorders can provide recordings made at 3°/, ips that 
are almost indistinguishable from program sources such as FM broadcasts 
or phonograph records. Such recordings may have a frequency response 
that is flat to beyond 15 kHz, and a signal-to-noise ratio of about 60 dB. Ata 
speed of 7'/, ips, the frequency response may extend beyond 20 kHz, and 
the signal-to-noise ratio will be 6 dB better than at 3°/, ips. Many recorders 
provide switch-selected choices of record and playback equalization to 
match the types of tape that are used. 
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ACK CARTRIDGE STEREO 


This 8-track cartridge player is designed for use in home 
music systems. The indicator lamps above the cartridge slot 
indicate the tracks being played. 

Courtesy Concord Electronics Corp. 


Many recorders contain filters that are designed to eliminate any 19, 38 or 67 
kHz pilot or subcarrier signals that might accompany a signal from an FM 
tunex program source. Some recorders provide electronic logic control of 
modes of operation to prevent accidental recording and to eliminate the 
possibility of tape breakage. 


TAPE TRACK ARRANGEMENTS 


The magnetic tape used in_most home recording application is '/,” wide. For 
stereo recordings, at least two tracks-must-be recorded, one for the left 
channel information and one for the right channel information. By recording 
four tracks, two separate stereo programs can be recorded. Present practice 
is to put as many as eight tracks on '/," tape. This permits recording four 
separate stereo programs. 


Figure 10 shows some typical recording track arrangements. Some single 
channel, or monaural recorders, employ the entire tape width for one signal, 
as shown in Figure 10A. This is called FULL-TRACK reco rding. The 
full-track-arrangement provides an an excellent signal-to-noise ratio, _and-it is 


sometimes used in broadcast applications. 


A more common monaural recording arrangement is the HALF-TRACK 
arrangement shown in Figure 10B. The recording head gap assembly is only 
'/, the width of the tape. The tape can be run through the recorder once to 
record on track |. By reversing the supply and feed reels, the tape is flipped 
over, and a signal can be recorded on track 2. This doubles the amount of 
signal that can be recorded on the tape, compared to full-track recording. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


10. 


MAGNETIC TAPE RECORDING 
RECORDING A SIGNAL 
BIAS 
PLAYBACK 
EQUALIZATION 
ERASING 
RECORDING AND PLAYBACK AMPLIFIERS 


PERFORMANCE 


. The basic coating material used on magnetic tape is 


. The electromagnetic assembly used to record and reproduce signals on 


magnetic tape is called the 


. List two factors which determine the frequency response of a magnetic 


tape system. 


. Of the choices given, which tape speed provides the widest frequency 


response? (a) 1/; ips. (b) 3°/, ips. (c) 71/2 ips. (d) 15 ips. 


. What is bias in a magnetic tape recording system? 


. If the maximum signal frequency to be recorded is 15 kHz, what should the 


minimum bias frequency be? 


. The bias signal used in magnetic tape recording can only be a high- 


frequency ac signal. True or False? 


. Tape erasure is accomplished by feeding the high-frequency bias signal to 


an erase head. True or False? 


. What two functions are served by the bias oscillator? 


In Figure 9, moving the slider on the tone control R,.;; towards the base of 
Q.); (a) increases the high-frequency response, (b) increases the low- 
frequency response, (c) decreases the high-frequency response. 
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11. What is the function of S,), in Figure 9? 


12. What stage in the preamplifier section of Figure 9 is not used during 
playback? 


13. For normal recording the signal level should never exceed __ ss VU 
on peaks. 


RECORDED SIGNAL 


> 
W 
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pocorn The left signal was recorded on one track ¢ and the ri sim ‘signal on 


the other. This v was sometimes done with two ‘staggered heads, although the 


SS nnn 


more common _arrangement was a ‘single he: head with two gap assemblies. 


The FOUR-TRACK recording arrangement shown in Figure 10C is almost 
universally employed for stereo recording. The record head contains two 


separate gap assemblies, The stereo signals are recorded on tracks | and 3, 
and when the tape is turned over, tracks ? and 4 are recorded. The four-trac 


arrangement allows twice as much material to be recorded on a given reel of 
tape, compared to the two-track arrangement. 


The EIGHT-TRACK arrangement shown in Figure 11 is popular in automo- 
tive tape cartridge stereo systems. In these units, a separate selection is 
generally placed on each set of tracks—1 and 5,2 and 6,3 and 7, and 4 and 8. 
Switching from one selection to another is accomplished by mechanically 
moving the tape head up and down. Most units automatically move the head 
to the next set of tracks after all the selections on a pair of tracks have been 
played. 


Figure 11 
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This tape deck employs three motors on the transport, one for 
the capstan and two reel turntable motors. 
Courtesy TEAC Corporation of America 


The track arrangements shown in Figures 10 and 11 are all employed on '/," 
wide tape. Thus, as the number of tracks increases, the width of each track 
decreases. As a result, mechanical alignment becomes more critical and the 
quality of the tape becomes more important. All tape contains coating 


dropouts 


ever the Tall width of a aarrow tack 


imperf these asthe lt can cause a momentary 
loss of signal, called a plies -track systems are more sensitiv 


TAPE TRANSPORTS 


( 
A tape recorder can be divided into two basic sections, the TAPE TRANS- ¢ 


PORT lectronic circuits. The tape transport inctudes-the-methani- — 


Pt 
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cal devices which move the tape past the erase, record and playback heads. 


EE ee ee 


The electronic circuits include “the recording amplifier, the playback am- 


hate the bias oscillator and th the power | supplies. 


SUPPLY REEL TAKE-UP REEL 


TAPE GUIDE TAPE GUIDE 


(© be Ia ee 
MOTION PRESSURE’ PADS CAPSTAN 
\ Figure 12 


Figure 12 shows a typical tape transport. The capstan is rotated by the drive 
motor at a constant speed. A rubber-rimmed pinch roller presses the tape 
against the capstan to move the tape in the direction shown. The take-up and 
supply reels are driven through a belt and slip clutch arrangement. This is 
necessary because their speeds will vary with the amount of tape on the 
reels. The capstan and pinch roller provide a constant tape speed. A series of 
pressure pads press the tape against the three heads. Some of the more 
elaborate recorders employ three separate motors, one to drive the capstan, 
and a motor for each of the two reels. 


The capstan drive arrangement is the most popular since it provides 2 


tape speed. Speed can be changed by changing | the si 
effecting changes in _a_belt~arrangement that _drives—the— eapstan. Sens 
inexpensive portable recorders do not employ a capstan drive, and their 
drive motors operate the tape reels directly. The speed is not constant from 
start to finish on a reel, and the recorded reel of tape can only be played 
properly on that unit. 


Besides moving the tape past the heads for recording and playback, most 
tape transports provide for different forward speeds and also rewind and 
fast forward speeds. These functions are generally accomplished through a 
series of belts, pulleys and levers. 
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Figure 13 shows a typical tape transport drive system that uses one motor. 
The various belts and pulleys provide the following functions: STOP, 
PLAY/RECORD, FAST FORWARD, and REWIND. A system of pushbut- 
tons or knobs is used to move the pulleys to provide the various functions. 


The motor pulley is driven by the motor in the direction shown. The capstan 
which drives the tape is connected to a large flywheel which, in turn, is 
driven by the motor pulley through a belt. The flywheel helps to provide a 
more constant speed by damping out minor speed variations caused by line 
voltage fluctuations, etc. 


SUPPEYSREEL REWIND IDLER FAST FORWARD TAKE-UP REEL 
TURNTABLE PULLEY 


PULCEY, TURNTABLE 


TAKE-UP 
PULLEY 


MOTOR 
PUELEY 


FLYWHEEL 


CAPSTAN 


Figure 13 


The mechanism position in Figure 13 is in the STOP position. Although not 
shown, a set of brake pads would be pressed against the rims of the reel 
turntables to hold them stationary in the STOP position. 


Figure 14 shows the mechanism in the PLAY/RECORD position. The 
rubber rim on the take-up pulley is pressed against the rim of the take-up reel 
turntable, driving it in the direction shown. The pinch roller presses the tape 
against the capstan to move the tape past the heads at a constant speed. With 
the tape speed constant, the take-up reel speed must vary with the amount of 
tape that is wound on it. This speed variation is provided by the friction 


7545 
16 


TAPE RECORDER REPAIR 


SUPPLY REEL REWIND IDLER FAST TAKE-UP REEL TURNTABLE 
TURNTABLE PULLEY FORWARD 
PULPEY 


TAKE-UP 
PULLEY 


MOTOR PULLEY ————» 


PINCH 
ROLLER 


FLYWHEEL 


Figure 14 


coupling between the take-up reel turntable and the take-up pulley. Although 
not shown, a brake pad would be lightly pressed against the supply reel 
turntable to keep the tape tight and prevent freewheeling motion of the 
supply reel. 
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Figure 15 
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Most tape mechanisms provide a FAST FORWARD function to move the 
tape rapidly to some point on the reel. Figure 15 shows the mechanism in the 
FAST FORWARD position. The fast forward pulley is pressed against the 
take-up reel turntable rim. This provides a much faster reel speed than when 
the take-up reel is driven by the take-up pulley. Note that the pinch roller 
does not press the tape against the capstan during fast forward. 


To prevent excessive head wear, mechanical linkages lift the tape away from 
the heads during fast forward. A drag brake pad also presses lightly against 
the supply reel turntable to prevent freewheeling motion which could cause 
tape spillage. 


The REWIND function is provided by moving the fast forward pulley to the 
left, as shown in Figure 16. This presses the rewind idler pulley against the 
supply reel, driving it in the direction shown. A drag brake is lightly pressed 
against the take-up reel turntable to prevent freewheeling motion and tape 
spillage. As in fast forward, the pinch roller does not press the tape against 
the capstan, and the tape is lifted away from the heads. 
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Figure 16 


Speed change in a belt drive system is usually accomplished with a stepped 
motor pulley. Figure 17 shows a typical speed change arrangement. For the 
7'/, ips speed, the drive belt rides in the upper larger diameter groove of the 
motor pulley. To change speed, the speed shift fork moves downward, 
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causing the drive belt to slip into the smaller groove for 3°/, ips. Returning deine aa (5k 
BELT 


the speed selector lever to 7'/. ips moves the speed shift fork upward which 
returns the belt to the large diameter groove. 


v 
Another method of changing speed is to employ a drive motor with two CAPSTAN MOTOR 
separate windings. Energizing one winding provides a speed of 7'/, ips, and Figure 
energizing the other winding provides a speed of 3°/, ips. 17 


Some tape recorders use two motors: one to drive the capstan, and the | 
- other to drive the supply and take-up reels. This eliminates load changes on. 


the capstan motor, and therefore provides smoother other forward tape motion 
BY a hha gti a tage hake Paces sd han 


during record or play ‘modes. 


REEL MOTORS AND BRAKE SYSTEMS 


Many tape recorders employ three motor tape transports instead of belt and_ 
pulley arrangements. One motor drives the capstan, and each reel is driven 
by a separate motor. The capstan motor operates at a « constant speed, and 
the reel motor speeds are varied to suit the modes of operation. Figure 18 
shows a simplified reel motor control system. The take-up and rewind 
motors are of the induction type, requiring phase splitting capacitors C, and 
C, for proper operation. S,, and S,,, along with R, through R,, control the 
voltages applied to the motors to control their speeds. 


1— REWIND 
2—PLAY/RECORD 
3-—FAST FORWARD 


Figure 18 


Switch S, is shown in position 2, the play/record mode. In this mode, the 
take-up reel motor receives about one-half normal voltage through R, to 
wind up the tape with sufficient tension. The rewind motor receives about 
one-fourth normal voltage through R, to apply a slight holdback tension to 
the tape. 


When switch S, is in the rewind position (switch position 1) the rewind 
motor receives full voltage through S,, and it runs at high speed. R; supplies 
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the take-up reel motor with a small voltage to put a slight tension on the tape. 
The process is similar in the fast forward mode (switch position 3). Under 
these conditions, the take-up reel motor receives full voltage, and the rewind 
motor receives a small voltage through R, to provide a slight tape tension. 
The speed determining resistors R, through R, are generally made adjustable 
so that speed and holdback tensions can be properly adjusted. 


To prevent tape breakage and spillage, the reel motors must be stopped 


quickly and evenly. This is generally done with a brake system—tke-that— 
shown in Figure \ en the brake solenoid 1s de-energized, the spring 


pulls the brake band against the reel turntable, stopping the turntable. 
Energizing the brake solenoid pulls the brake band away from the reel 
turntable, allowing it to rotate. The brake solenoid would be energized 
whenever the tape is in motion and de-energized when the tape is to be 
stopped. A separate brake solenoid assembly is generally included for each 
reel turntable assembly. 


Many tape recorders employ automatic shut-off and reversing features when 
fue end of the tape is reached. Automatic shutolt is usially-accomplsNed 
with a microswitch-that-de-energizes the drive motors. A tinkage attached to 
the microswitch is placed in the tape path. When tape is present, the linkage 
is held in a position that-_keeps-the-microswitch contacts closed When-the 


end of the tape passes the head assembly, the linkage is free to move. The 
linkage then pivots slightly, an é€ mi itch Contacts open. 


Automatic shut-off or automatic reverse is sometimes accomplished through 
PR csi aints Rim eay a ase sad cE the toél as een ts 
Figure 20A. This conductive sticker is sensed by a set of contacts built into a 
tape guide post shown in Figure 20B. When the conductive strip passes over 


the contacts, it completes the circuit. The switch contacts generally operate 
a relay which controls the reel and capstan motors. 


Automatic reverse is often accomplished by-use-of-a-subsonic-20-Hz) tone 
fecorded on the tape. This tone is amplified by a special circuit that activates 
a relay whose contacts are used to initiate the process of playing the tape in 
the reverse direction. In some machines, extra heads are used, and no 
mechanical shifting of heads or tape path is required. | 


CASSETTE AND CARTRIDGE TRANSPORTS 


Tape cassette and cartridge units have become very popular. Both types 
employ cases which hold the tape and are merely inserted into the tape 
players. Manual threading of the tape is eliminated in both of these systems. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


14. 


ie 


16. 


Lae 


18. 


19. 


20. 


21. 


22. 


23. 


TAPE TRACK ARRANGEMENTS 
TAPE TRANSPORTS 


REEL MOTORS AND BRAKE SYSTEMS 


For monaural recording, what is the advantage of half-track recording 
over full-track recording? 


How many separate stereo signals can be recorded on an 8-track arrange- 
ment? 


To provide a_é flat response, the playback amplifier must 
(boost or attenuate) the low frequencies and 
(boost or attenuate) the high frequencies. 


What is the advantage of a capstan tape drive? 


How does the mechanism of Figure 13 move to provide forward motion for 
the PLAY/RECORD function? 


In the PLAY/RECORD position the take-up reel rotates at constant speed. 
True or False? 


The pinch roller and capstan drive the tape in the fast forward mode. True 
or False? 


How is excessive head wear eliminated during rewind and fast forward? 
List two methods of changing the speed in a tape recorder. 


During playback or record, the take-up reel motor in Figure 18 receives 
full voltage. True or False? 
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24. What are the motor voltage conditions in the circuit of Figure 18 during 
rewind? 


25. The brake in Figure 19 is released when the solenoid is (a) energized, (b) 
de-energized. 
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Figure 21 


Cassette Recorders 


Figure 21 shows the inside of a typical tape cassette. The tape is wound on 
small hubs, with the cassette top and bottom shells holding the tape in place. 
Openings in the cassette front permit the tape to contact the heads, capstan 
and pinch roller. The cassette is fairly small, about 4” wide by 2'/,” deep by 
about */,” thick. Depending upon the thickness of the tape, the cassettes hold 
from 200 to 600 feet of tape. The tape used is 0.5, 0.3 or 0.25 mil thick 
prestretched '/,” wide polyester. The 300-ft. reel provides 30 minutes on each 
side at 1’/, ips while the 600-ft. reel provides 1 hour of recording on each 
side. The small size of the cassette and the associated recorder makes for a 
compact portable recorder. The window in the cassette, along with a scale 
on the cassette, indicates the amount of tape or time left. 


Figure 22 shows the general layout of a cassette tape transport mechanism. 
The cassette is inserted over the mechanism so that the projections on the 
reel turntable spindles engage the teeth in the cassette reels. The guide posts 
pass through appropriate holes in the cassette to hold it in position. The 
capstan also passes through a hole in the case so that the tape is between it 
and the pinch roller. During recording and playback, the heads move 
forward and contact the tape. Note that the pressure pad is built into the 
cassette. Along with the movement of the heads, the pinch roller moves 
forward to press the tape against the capstan. A belt and pulley arrangement 
like that of the reel-to-reel deck operates the supply and take-up reels. 
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Figure 22 


Prerecorded tapes are popular with cassette recording systems. To prevent 
accidental erasure of such tapes, record ‘ecord lockout tabs are located at the rear 


of the cassette as shown in Figure 21. If these tabs are broken Out, a pin on 
the transport senses their absence and prevents s recording. To prevent— 
unintentional recording-on-any-tracks of the cassette,a_secondtockout-tab 


‘is provided for when the cassette is flipped over. 


ee L 
V1.2 MLL ET, 
So Wg 

\AII lial TT I IMI IEG 


Z 


Figure 23 


Figure 23 shows the track arrangement for the '/,” cassette tape. Four tracks 
are employed for stereo operation. Note that adjacent tracks are used for the 
two stereo channels, left (L) and right (R), as compared to the staggered 
four-track arrangement used on conventional '/," tape. The adjacent track 
setup of Figure 23 makes stereo tapes compatible with monaural recorders. 
Monaural cassette recorders use half-track heads. Therefore, tracks 1 and 2 
provide a monaural signal in one direction, and tracks 3 and 4 provide a 
monaural signal in the opposite direction. 


High-Fidelity Cassette Recorders 


Cassette recorders have had many improvements made in their designs 
recently, and as a result, some very high-quality machines are presently 
available. Wow and flutter in the mechanisms are now as low as 0.07%, 
which is equal to that of high-quality reel-to-reel tape decks. 


Top-quality cassette recorders have signal-to-noise ratios of better than 50 
dB. Most top-quality cassette recorders also include Dolby-type B circuitry, 
which further improves the signal-to-noise ratio by an additional 6 to 10 dB. 
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In addition to a cassette recorder, the above unit includes an 
AM and FM receiver. 


Bell and Howell Photo 


Improved types of recording tape are available that permit cassette record- 
ings to approach the frequency range of recordings made on top-quality 
reel-to-reel decks. Low-noise tape and high-output low-noise tape permit 
flat response to beyond 14 kHz, and chromium dioxide tape extends 
response to beyond 16 kHz. These new tape types require different record 
and playback equalizations to obtain this extended response. Most top- 
quality cassette units therefore provide different switch-selected equaliza- 
tion curves. 


For even better performance, cassette machines are available that employ 
dual capstan or servo-controlled drive mechanisms. Some very expensive 
units contain a separate playback headgap to permit monitoring during 
recording. 


Cartridge Machines 


Tape cartridge players are widely used in automobile music systems and are 
becoming popular in home-entertainment music systems. The tape cartridge 
is much different than the tape cassette. The tape cartridge contains only one 


‘tape ; € is connecté Orm an endless loop. The tape 


cartridges use '/,” tape, and both four- and eight-track stereo arrangements 


are employed. Sa 1s ee 


Figure 24 shows the three basic cartridge types. In all types, the tape 
unwinds from the center and returns to the outer perimeter of the reel: The 


type of cartridge shown in Figure 24A is referred to as the FIDELIPAC 


cartridge. This is generally a four-track stereo arrangement. The tape head 
contacts the tape through a hole in the cartridge. Another hole permits entry 
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Figure 24 


of the pinch roller for the capstan drive system. Figure 24B shows the 
ORRTRONIC cartridge. It is similar to the one in Figure 24A except that the 


tape moves in the opposite direction. Figure 24C shows the LEAR-JET 


cartridge, which -track stereo arrangement, and probably the m 
popular. In general, the th € not “compatible and must be 
used on their own types of machines. —~, 
le EON eee 


The_tape transports used with cartridge systems are much simpler than those 
used with conventional reel or cassette systems. Since there is only one tape 
reel, there is only one reel turntable. Due to the endless loop arrangement, 
no provisions are generally made for rewinding or fast forward. This 


eliminates all the belts and pulleys associated with that type of arrangement. 


The. most complex portion of the cartridge deck is the head positioning 
mechanism. In the four- and eight-track systems, the tapé head is moved up 


and down to play the various tracks. Figure 25 shows a typical head 
positioning arrangement. The ie tape head is attached to a transfer pin which 
rides on_a stepped cam. Each time the solenoid is Is s activated, a rotates: es the 
pao 2d moves, hehead non dora ct 


Switching from one set of tracks to another is accomplished manually or 
au \utomatically. For manual selection, a pushbutton activating the solenoid 


by the con aun — fenat d is “ictivated to change chante Since 
the tape is an endless loop its direction does not have to reverse. All tracks 
are recorded in the same direction. 


Eight-track cartridges are also used for quadraphonic, or four-channel, 
prerecorded tapes. A four-channel playback head is used in these machines. 
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SOLENOID 


The four output signals of the heads go to four preamplifiers whose output 
signals drive four power amplifiers. The power amplifier output signals drive 
four speaker systems. These tapes contain two four-channel programs. 
Regular eight-track cartridges contain four programs of two-channel stereo: 


ADJUSTMENTS AND 
PREVENTATIVE MAINTENANCE 


Proper preventative maintenance can keep a tape recorder operating cor- 
rectly for years. All pulleys, slides and levers should be lubricated with the 
recommended lubricants. Generally, a high-quality grease is used on the 
slides and levers, and a good-quality motor oil can be used to lubricate pulley 
shafts. Be certain that no lubricant gets on the pulley grooves or belts. This 
could cause slippage and speed variations. Also, avoid extensive lubrication. 
Accumulations of grease and oil can collect dust and dirt, causing improper 
operation. Grease and oil can be removed with a clean lint-free rag saturated 
with alcohol. Be careful when using cleaning solvents, as some of them can 
damage belts, rubber pulley rims and the tape heads. 


When working on the tape transport mechanism, avoid using tools that are 
magnetized. You might magnetize a tape guide or some other part over 
which the tape passes. This could cause an increase in noise of the recorded 
signals. It is a good idea to demagnetize all the parts over which the tape 
Pisses Willi aldeniagnetising tool: A demaynetizeris an ae-operaren-ciec= 
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Figure 
26 


tromagnet. It is brought near the part to be demagnetized. Power is applied 
‘tothe demagnetizer: it is brought in close proximity to metal parts; and then 
slowly withdrawn and turned off. Demagnetization of the tape heads, guides, 
etc., should be performed at regular intervals to assure good performance. 


The belts, rubber tire pulleys and pinch roller are all subject to wear, and 
should be replaced as necessary. Stretched belts can cause Sppage 8 and 
speed variations. Flat spots on pulleys and the-pinch roller can cause a 


thusvelnalgouad as wel Seeger The pinch roller is especially 
important, Since it drives the tape along with the capstan. 


Many darabath require reel tension adjustments after periods of extensive 


manufacturers’ eran In general, the tension, or cee iS dotemuiied 
with spring scales, as shown in Figure 26. On units with-separate reel motors, 
the tension is adjusted by varying the reel motor voltages. On belt drive 
units, slip clutch or belt drive tension is adjusted. 


One common problem is tape breaking or spilling when the unit is stopped, 
especially when in the fast forward or rewind modes. This is generally 
caused by misadjustment of the reel turntable brakes. Consult the manufac- 
turers’ literature for correct adjustment procedures. 


HEAD CLEANING 


A common problem is an accumulation of oxide and dirt on the tape heads, 
guides and other_parts-of the tape transport. Oxide accumulations on the 
capstan can cause speed variations. On the tape head, an accumulation of 
oxide can cause reduced output or distortion, and in severe cases, no 
recording or playback. 


PG apiece eee eee acon Mere care be cleaned at! regular 
intervals. A cotton swab, dipped in alcohol or a solvent made for tape 
Tecorders, can be used to clean the various parts’ DO NOT use carbon 
SE Tone he EAE ea ae damage. On units 
equipped with a switch operated by a foil sticker on the tape, be certain that 
the switch surfaces are clean. 


Oxide and dirt accumulation is often a major cause of trouble in automotive 
eight-track players. The tape used in the endless loop cartridge is lubricated 


7545 
26 


TAPE RECORDER REPAIR 


TAPE TAPE CAPSTAN ERASER 
CARTRIDGE HEAD SHAFT END OF 
SLOT PENCIL Ze, 


AWW EL 


SWAB USE COTTON SWAB 
AUTOMATIC My MOISTENED WITH DEPRESS 
TRACK ALCOHOL. DO NOT MOTOR SWITCH WITH 
SWITCH USE CARBON TETRACHLORIDE ERASER END OF PENCIL 


TO TURN UNIT ON WHEN 
CLEANING CAPSTAN 
SHAFT 


Figure 27 
to prevent friction in the cartridge. Accumulations of this lubricant and 
oxide clog up the transport. Cotton swabs dipped in alcohol can be used to 
clean the heads, guides, etc. This can be done without disassembling the 


unit, as shown in Figure 27. When cleaning the capstan, turn on the motor by 
depressing the motor switch with the eraser on a pencil. 


HEAD ALIGNMENT 


For proper operation, the tape head must be aligned with the tape. Figure 28 
shows various tape head adjustments. Azimuth, or skew, is the angle of the 


See es ee 
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Figure 28 
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shown in Figure 28A. If the azimuth is incorrect, the output will be reduced. 


The height adjustment shown in Figure 28B is especially important in four- 
and eight-track systems. If the height is not correct, information-from one 


headgap with respect to a line perpendicular_(90°) from the tape edge, as 


track will be picked up by the headgap for the other track. 
2; Sea I a . rer track. 


eRe HU ad uSiTnent SHOE A ere ef IU two reasons, If the 
tilt is great enough, one of the channels in a stereo system may not be 
eproduced at all, as the tape track musta éad for proper 
operation Tilt Gan c: cause uneven tape head Wear. ar. This can cause a reduction 
of high-frequency response and output. in Figure 
28D also ¢ controls-tape-head-wear. If i If it is not correct, one side of the head 
will wear more than the-other-Although the tape is often held against the 
head by a pressure pad, it should still contact the tape head when the 
pressure pad is removed. This is the contact adjustment shown in Figure 
28E. Poor contact can cause distortion and reduced output. 


The life of-atape-headis determined by the gap wear. As the-gap wears, it 
rgeT eres rainy ee unc ma ED A magnifying glass or 
low-power microscope can be used to inspect the gap. If the wear is very 
uneven or if the gap has become ragged, the head should be replaced. For 
best head life, the head should be adjusted properly and cleaned often. 


The tilt, tangeney-and- contact adjustments shown in Figure 28 can usually be 
adjusted by eye. On some units, these may be fixed adjustments, Azimuth 


_and hei adjusted with the aid of a test tape. The test tape Tor 


az continuous high-frequency signal. Azimu 


for maximum output of the test signal from the recorder. Ba the height 
adju e alignment tape should contain diferent ienaieoee Tne 
Sariog atsicd Taoee aThE tac Reach heTgit ie ttea et cote 
proper signal for each channel. Due to the small track widths, this adjust- 
ment is fairly critical on eight-track and cassette units. Follow the manufac- 


turers’ directions on tape head adjustments, as well as those provided with 
the alignment tape. 


BIAS ADJUSTMENT 


The high-frequency bias should be checked if suspected of malfunctioning, 
and adjusted if necessary. Replacements of the tape head or bias oscillator 
components may also require bias adjustment. The bias adjustment proce- 
dure may vary somewhat for different manufacturers. The adjustment is 
very important, and if not made properly, can cause distortion and poor 
performance. 


7545 
28 


An example of a bias adjustment procedure can be shown with the circuit of 
Figure 9. To adjust the bias on this unit, the record/playback head is 
replaced with a 100-ohm load resistor. The setting of the bias adjustment 
potentiometer, R,.4, is varied to obtain 21.5 mV (.0215V) across the 100-ohm 
load resistor. Remember that the bias signal is of a high frequency, typically 
80 kHz, and an AC VTVM must be used to measure it. An accurately 
calibrated oscilloscope can also be used. It is a good idea to use a scope to 
check the bias oscillator waveshape. Distortion in the bias signal can cause 
distortion in the recorded signal. Some manufacturers also specify a bias 
frequency adjustment, but this is not common practice. 


The recording signal level is also important and this is why VU meters are 
provided. The calibration on the VU meters should also be checked. In the 
unit of Figure 9,a 1.5 mV (.0015V) signal is applied to the mic input, and the 
VU meter calibration control R,,7 is set so that the meter reads 0 VU. During 
recording, the level is set so that peaks do not exceed 0 VU. 


TAPE RECORDER TROUBLESHOOTING 


Since a tape recorder or tape deck is both electronic and mechanical, the 
first_step in the troubleshooting procedure is to determine whether the 
trouble is mechanical or electrical. As always, begin with a thorough visual 
inspection. Make certain that the heads are clean, and all accumulations of 
oxide have been removed from the tape guides, switches, capstan, etc. If 
there is evidence of overheating or if the unit blows fuses, correct this 
problem before operating the unit. 


Try to obtain the manufacturer’s service manual for the unit being checked. 
All of the necessary adjustment procedures, as well as troubleshooting 
information, are included in the manual. The manual will also list any special 
tools or gauges that are required for servicing the recorder. 


To illustrate the basic troubleshooting procedure for tape recorders, we will 
present a number of typical symptoms, the corresponding faults, and the 
necessary corrective steps. 


Unit Completely Inoperative, Motor Does Not Run. 


Power is not reaching the unit—Check the line cord, fuse and on-off 
switch. This can best be done with an ohmmeter. On many units, the 
on-off switch is operated by a lever or pushbutton. Check to see that the 
mechanism is operating the switch. 
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Ga n Does Not Revolve, Motor and Amplifier OK. 


The capstan belt is broken or not in place, or the motor pulley is 
loose.—Check the capstan belt, the motor pulley and capstan flywheel. 
Grease or oil on the belt or pulley can cause slippage. Clean with alcohol. 


On units with a separate capstan motor, make sure that the capstan motor 
is operating. A separate capstan motor generally employs a phase shifting 
capacitor. Check this capacitor if power is reaching the motor and it is not 
operating. Note that this capacitor is a nonpolarized unit, and it must be 
replaced with the same type. 


| No Take-Up of Tape. 


The take-up reel drive system is not operating—Check the belts and 
pulleys which drive the take-up reel turntable. Make certain that the idler 
wheel contacts the take-up reel turntable and that the take-up reel brake is 
released. The mechanism may need adjusting. Grease or oil on the belts 
and pulleys can cause slippage. Clean with alcohol. 


On units equipped with separate reel motors, check that the reel motor is 
receiving the correct voltage. These motors, like the capstan motor, may 
employ phase shifting capacitors. If voltage is reaching the motor and it 
does not run, check the capacitor. The units employing separate reel 
motors generally use solenoid operated brakes. Make sure that the brake 
is releasing and is properly adjusted. 


No Rewind of : 


The rewind reel drive system is not operating—Check the belts and 
pulleys which drive the rewind reel turntable. Be certain that the idler 
wheel contacts the rewind reel turntable and that the reel brakes are 
released. The mechanism may need adjusting. Clean the belts and pulleys 
with alcohol if they are slipping. 


—Iape Does Not Move When Record Or Play Function Is Selected. 


The pinch roller is not pressing the tape against the capstan or the reel 
brakes are not releasing.—Check that the pinch roller is pressing the tape 
against the capstan. Also make sure that the reel turntable brakes are 
releasing. It may be necessary to adjust the linkages which operate the 
pinch roller and reel brakes. 
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On units with separate reel motors, the pinch roller, as well as the reel 
brakes, are solenoid operated. Make certain that power is reaching the 
solenoids. It may be necessary to adjust the solenoid travel. 


Tape Breakage Or Spillage. 
Tatami a 


Improper reel brake adjustment.—Refer to the manufacturers’ specifica- 
tions on brake adjustments. Check that the brakes are activated when the 
various functions are selected. 


On units that have separate reel turntable motors, be sure that the motors 
are receiving the proper voltages. It may be necessary to adjust reel motor 
voltage to obtain correct reel motor torque. 


No Recording Or Playback Audio, Tape Transport Functions Normally. 


The recording and playback amplifiers or the tape head are defective. — 
The recording and playback amplifiers can be checked in the same manner 
as a regular hi-fi/stereo amplifier. Either signal injection or signal tracing 
methods can be used. 


Place the unit in the playback mode and use a screwdriver or audio 
generator to inject a signal at the volume control. If an output is obtained, 
the power supply and the stages following the volume control are 
operating properly. You can then inject a test signal in the stages that 
precede the volume control, working from the volume control back 
toward the tape head. Once the defective stage is found, use voltage and 
resistance tests to locate the defective component. 


If the entire amplifier is functioning properly, check the tape head for 
continuity with an ohmmeter. An open or short circuit would cause the 
head to be inoperative. A unit that employs the same head for playback 
and record uses a switching arrangement. Use an ohmmeter to make sure 
the switch is operating properly. Since the ohmmeter passes a dc current 
through the head, the head will have to be demagnetized to restore proper 
operation. 


With units that use separate recording and playback amplifiers and 
separate recording and playback heads, the trouble is probably in the 
power supply. Some units may have a regulator circuit in the power 
supply. A voltmeter can be used to check the operation of the supply, and 
an ohmmeter used to locate a defective component. 
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The tape must be closely held against the head for proper operation during 
record and playback. Make certain that the pressure pads press the tape 
against the heads on those machines that use pressure pads. It is also a 
good idea to use a test tape known to be good, rather than record a tape on 
the unit and then use it for testing the playback system. 


—. i ae 

Capes yback Normal, No Recording.» 
The recording amplifier, record head or bias oscillator are not functioning 
properly —Many units employ some common circuitry on record and 
playback. On those machines, the common circuitry is all right if the unit 
operates properly on playback. You can confine further tests to the 
recording amplifier and the bias oscillator. The oscillator output can be 
used to signal trace_the recording amplifier. When a combination record/ 
playback head is employed, a defect in the head can be ruled out for this 
problem category, as it would affect both record and playback. Check the 
switches which change the head connections for record and playback. 


With units employing separate record and playback amplifiers, you can 
perform signal injection or signal tracing steps in the record amplifier. & 
Once the defective stage is located, you can perform voltage and 
resistance tests to locate the defective component. 


o Playback, Recording Normal. 


The playback amplifier, playback head or the switching circuits are 
defective—Most tape recorders that have common recording and play- 
back amplifiers use all the stages on record that are used on playback. For 
those recorders, such stages can be ruled out as problems for this 


The photo above shows a typical tape head demagnetizer. 
Courtesy Superscope Inc. 
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malfunction. This leaves the power amplifier or the switching arrangement 
on the playback head as possible causes of this trouble. The playback 
head and switching arrangement can be checked with an ohmmeter. The 
power amplifier can be checked by signal substitution or signal injection. 


If the unit employs separate recording and playback amplifiers, you can 
check the playback amplifier by signal substitution or signal injection. Be 
sure to demagnetize the head if you use an ohmmeter to check the head’s 
resistance. 


Distortion On the Recording Signal. 


Improper bias adjustment could be the cause of this malfunction. Refer to 
the manufacturers’ literature on setting the high-frequency bias frequency 
and level. Make certain that the bias signal is not distorted. 


If the bias is set properly, the trouble source is in the recording or 
playback amplifiers. The simplest method of locating distortion is to apply 
an undistorted signal from an audio oscillator to the amplifier, and trace 
the signal’s path with an oscilloscope. Once the stage producing the 
distortion is located, voltage and resistance tests can be used to locate the 
cause of the defect. Distortion of this nature is generally a result of a shift 
in bias or a defective component in a feedback loop. 


PoorFrequency Response On Record-and-Playback. 
Improper bias adjustment or faulty head alignment are possible causes of 
this trouble—Check the bias level adjustment, as previously explained. 
Also check the head alignment. Use an alignment tape to check azimuth of 
the head. 


If the head alignment is correct, tests should be made on the amplifiers. A 


— 
“See 2 <2 ee . 


Tesponse. Apply the square-wave test signal, and trace it through the 
amplifier stages with an oscilloscope. A rounded leading edge indicates a 
decrease in high-frequency response. Droop in the top and bottom of the 
square wave indicates a decrease in low-frequency response. A test signal 
of 1000 Hz will test both low- and high-frequency response of the 
ee ee a. 5 Rebelo’ 


amplifier. eae 


—_ 
— 


No Erase. 
Inoperative bias/erase oscillator or defective erase head.—The operation 


of the bias erase oscillator can be checked by measuring the erase signal 
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level at the erase head. The erase head can be checked with an ohmmeter 
for an open- or short-circuit condition. Also check the switching circuit 
which turns on the bias/erase oscillator during record. 


tereo Reco ubles. 


The problems described previously apply to both monaural and stereo 
recorders. With a stereo unit, there are two record-playback amplifier 
channels. Troubles may be confined to one channel or may be present in 
both channels. In any stereo system, the signal can be switched from one 
channel to the other to aid in locating the defect. The signal levels, voltage 
and resistance measurements in one channel can be compared to those in 
the defective channel to locate the trouble. 


Head alignment is rather critical, and should be checked if one channel is 
working properly and the other is not. A test tape is almost a necessity for 
head alignment. 


SUMMARY 


The tape recorder consists of two separate sections, the tape transport and 
the record/playback amplifiers. The tape transport is basically mechanical in 
nature and subject to normal mechanical problems. Proper cleaning is 
important to the life of the tape heads. Careful head alignment is essential. 
Seen tcc Gan 
tape should be periodically demagnetized to remove any stray magnetic 


fields which could cause noise on the tape. 


The amplifier circuits associated with a tape recorder are similar to those 
employed in conventional hi-fi/stereo systems. The only major differences 
are the addition of a bias/erase oscillator and a recording amplifier stage. 
Conventional signal tracing or signal injection tests can be used to locate 
sources of trouble. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


SBP 


34. 


iE 


36. 


CASSETTE AND CARTRIDGE TRANSPORTS 
CASSETTE RECORDERS 
HIGH-FIDELITY CASSETTE RECORDERS 
CARTRIDGE MACHINES 
ADJUSTMENTS AND PREVENTATIVE MAINTENANCE 
HEAD CLEANING 
HEAD ALIGNMENT 
BIAS ADJUSTMENT 
TAPE RECORDER TROUBLESHOOTING 
In a cassette tape transport, the tape is pushed against the heads by a 
pressure pad. True or False? 
Stereo cassettes can be played on a monaural recorder. True or False? 


The tape cartridges shown in Figures 24A and 24B can be played on the 
same system. True or False? 


Tape cartridge transports usually have fast forward and rewind functions. 
True or False? 


How are the channels switched in an 8-track tape system? 
One of the best solvents for clean tape recorders is 


Why should parts of the tape transport that contact the tape be demagne- 
tized? 


What would be the result of an improperly adjusted reel turntable brake? 
A good tape head cleaner is carbon tetrachloride. True or False? 


Tangency error in the tape head alignment can cause excessive head wear. 
True or False? 


Explain how an azimuth adjustment is made. 


7545 


Q3 


TAPE RECORDER REPAIR Q3A 


37. Explain how a height adjustment is made. 


38. If the drive motor operates but the capstan does not revolve, what would 
you check? 


39. What is the most probable result of reel turntable brake misadjustment? 


)) 


IMPORTANT DEFINITIONS 


BIAS—A high-frequency ac signal added to the recording signal to avoid the 
nonlinear characteristics of the recording medium. On some small 
portable recorders, dc bias is used. 


DROPOUT—A momentary loss of signal due to imperfections in the oxide 
coating on the tape. 


EIGHT TRACK—A recording arrangement where eight separate signals can 
be recorded. When recording stereo, this gives four stereo signals. 


FOUR TRACK—Also called ‘quarter track.”—A recording arrangement 
where four separate signals can be recorded. This is generally used for 
stereo recording where a pair of tracks is used for each stereo signal. 


FULL TRACK—A recording arrangement where the entire width of the tape 
is used for the signal. 


HALF TRACK—A recording arrangement where the signal is recorded on 
1/, of the tape width. This allows two signals to be recorded on the tape. 


HEAD—The ring-shaped electromagnetic assembly in a tape recorder, used 
to record and reproduce signals on magnetic tape. 


PRINT THROUGH—Transfer of the magnetic field from one layer of tape 
on a reel to another. 


TAPE TRANSPORT—The mechanism which moves the tape past erase, 
playback and record heads. 
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10. 


11. 


12. 


133 


14. 


15. 


16. 


Li 


18. 


| 


PRACTICE EXERCISE SOLUTIONS 


. iron oxide 

. head 

. Headgap size and tape speed. 
. (d) 15 ips. 


. Bias is a high-frequency ac signal, linearly mixed with the recording signal 


to eliminate distortion. 


. 75 kHz.—The bias signal frequency should be at least five times the highest 


recording signal frequency. 


. False—Some small portable recorders employ a dc bias. 
. True 


. The bias oscillator supplies the erase signal as well as the bias signal for 


recording. 

(a) increases the high-frequency response. 

S4o5 selects the proper components for the feedback network between Q.,, 
and Q, 3; to provide the correct frequency response for the various tape 
speeds. 

The record amplifier Q,,,. 


0 


Half-track recording permits twice as much material to be recorded on a 
given reel of tape. 


Four.—A pair of tracks is required for each stereo selection. 
boost; attenuate 
The capstan tape drive provides constant tape speed. 


The pinch roller presses the tape against the capstan and the take-up 
pulley presses against the take-up turntable. 


False—The take-up reel speed depends upon the amount of tape on the 
take-up reel. 
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20. 


21. 


22. 


False—The fast forward pulley drives the take-up reel turntable when in 
the fast forward mode. 


The tape is lifted from the heads during fast forward and rewind. 
Belt drive tape transports often employ a stepped motor pulley and a shift 


fork to move a pulley drive belt. Multiple motor transports often employ a 
capstan motor with separate windings for each speed. 


23. False—The take-up reel motor receives approximately one-half normal 
voltage during playback and record. 

24. During rewind, the supply reel motor receives full voltage, and the take-up 
reel motor receives a small voltage to provide holdback tension. 

25. (a) energized. 

26. False—The pressure pad is located in the cassette and the heads are 
pushed against the tape and pressure pad. 

27. True—The tracks are adjacent to provide compatibility. 

28. False—The tape runs in the opposite direction in these two cartridges. 

29. False—The endless loop arrangement is not practical for rewinding or 
high-speed operation. 

30. The tape head is moved vertically for channel selection. 

31. alcohol 

32. Demagnetization removes stray magnetism which could increase the noise 
level on the tape. 

33. An improperly adjusted reel turntable brake could cause tape spillage or 
breakage. 

34. False—Carbon tetrachloride can damage the tape head. Use only alcohol 
or a solvent especially made for cleaning tape heads. 

35. True 

36. The azimuth adjustment is made with a test tape recorded with a 
high-frequency test signal. The head azimuth is adjusted for maximum 
output. 
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1, A- THE HIGH-FREQUENCY RESPONSE OF A MAGNETIC TAPE RECORDER IS INCREASED BY -- 
DECREASING HEADGAP SIZE, 
The high-frequency response is determined by the gap size and the tape speed, Decreasing the headgap 


and/or increasing the tape speed will increase the high-frequency response, 


2. D- THE TYPE OF BIAS NORMALLY USED IN MAGNETIC TAPE RECORDING IS A -- HIGH- 
FREQUENCY AC SIGNAL, 
Most good tape recorders employ a high-frequency bias signal, Some of the lower priced units may 


employ a dc bias system, 


;, A-j- TO COMPENSATE FOR THE PROPERTIES OF MAGNETIC RECORDING, THE PLAYBACK 
AMPLIFIER MUST -- BOOST THE LOW FREQUENCIES AND ATTENUATE THE HIGH FREQUENCIES, 
The output of the tape head rises as frequency increases, To provide a flat frequency response, the 


playback amplifier must provide an opposite response, 


D- Q208 AND Q3099 IN THE CIRCUIT OF FIGURE 9 FORM A -- PUSH-PULL OSCILLATOR, 
This particular oscillator circuit arrangement is called a push-pull oscillator, as one transistor conducts 


more when the other conducts less, 


D - IF THE BIAS OSCILLATOR IN THE CIRCUIT OF FIGURE 9 SHOULD BECOME INOPERATIVE, 
- DISTORTION OF THE RECORDED SIGNAL WOULD OCCUR, 
With no bias signal, the tape would not be erased, and the signals recorded on the tape would be distorted. 


Ava) Te Os IN THE CIRCUIT OF FIGURE 9 DEVELOPS A BASE-TO-EMITTER SHORT, -- THE 
UNIT WILL NOt RECORD OR PLAY BACK, 
A base-to-emitter short will make the base and emitter voltage of Q593 the same, Since Q553 is used 


n both record and playback, these functions will be inoperative. 


B - THE MAJOR ADVANTAGE OF THE CAPSTAN DRIVE SYSTEM IS -- CONSTANT TAPE SPEED. 
The capstan drive system provides constant tape speed. 


8, A- IN THE REEL MOTOR SYSTEM OF FIGURE 18, IF R3 OPENS -- THE TAPE WILL NOT WIND 
TIGHT ON REWIND, 
With R23 open, no hold-back tension will be provided by the take-up reel motor, 


“i B - IF THE CONDUCTIVE TAPE STICKER IN AN EIGHT-TRACK STEREO CARTRIDGE IS 
MISSING -- THE HEAD POSITIONING MECHANISM WILL NOT BE ACTUATED, 
The conductive tape sticker is used to activate the head positioning mechanism, and if it is missing, 


the head will not shift at the end of each tape program, 
TAPE SPILLAGE OR BREAKAGE IS GENERALLY CAUSED BY A DEFECTIVE -- TAPE REEL 


Defective or improperly adjusted reel brakes can cause tape breakage or spillage when changing the 
recorder from one function to another, 


TAPE RECORDER REPAIR 


PRACTICE EXERCISE SOLUTIONS (Continued) 


37. The height adjustment is made with a test tape having separate signals 
recorded on the various tracks. The height is adjusted to obtain the desired 
signal on the correct channel. 


38. If the capstan does not revolve, check the capstan belt and motor pulley. If 
oil or grease is causing slippage, clean the parts with alcohol. 


39. Tape breakage or spillage, especially when switching from fast forward or 
rewind to stop. 
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QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 
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errors in grading. 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


Example: Heat is usually associated with 


ESSON CODE | A [J (A) weight. (B) color. 


C i 
L 7545A | 5 = (C) temperature. (D) size. 


OOD OOK) C008 WOR We 60 6 Ww 410 UK 


The high-frequency response of a magnetic tape recorder is increased by 
(A) decreasing headgap size. (B) decreasing tape speed. (C) increasing headgap size. (D) decreasing tape 
thickness. 


The type of bias normally used in magnetic tape recording is a 

(A) de current applied to the playback head. (B) de current applied to the record head. (C) 
low-frequency ac signal. (D) high-frequency ac signal. 

To compensate for the properties of magnetic recording, the playback amplifier must 

(A) boost the low frequencies and attenuate the high frequencies. (B) attenuate the low frequencies and 
boost the high frequencies. (C) attenuate both the low and high frequencies. (D) boost both the low and 
high frequencies. 


Qsog and Qsog in the circuit of Figure 9 form a 
(A) Colpitts oscillator. (B) push-pull audio amplifier. (C) Hartley oscillator. (D) push-pull oscillator. 


If the bias oscillator in the circuit of Figure 9 should become inoperative, 
(A) playback of a previously recorded tape would not be possible. (B) tape erasure would not be 
affected. (@) very little if any distortion would occur. (D) distortion of the recorded signal would occur. 


If Qso3 in the circuit of Figure 9 develops a base-to-emitter short, 
(A) the unit will not record or play back. (B) recording will not be affected. (C) playback will not be 
affected. (D) the base and collector voltage will measure the same. 


The major advantage of the capstan drive system is 

(A) variable speed operation. (B) constant tape speed. (C) good frequency response. (D) fast rewind 
possible. 

In the reel motor system of Figure 18, if Rs opens 

(A) the tape will not wind tight on rewind. (B) the rewind reel motor will run too slow on rewind. (@) the 
take-up reel motor will receive too much voltage during rewind. (Y) the Rte motor will receive too 
much voltage during fast forward. 


If the conductive tape sticker in an eight-track stereo cartridge is missing 
(A) the tape will not reverse.(B) the head positioning mechanism will not be actuated. (C) the tape will 
stop. (D) the tape cartridge will bind. 


Tape spillage or breakage is generally caused by a defective 
(A) pressure pad. (B) tape head. (C) tape reel. (D) tape reel brake. 
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A fool beholds only the beginning of his 
works, but a wise man takes heed to the 
end. 

The test of a first-rate work, and of your 
sincerity in calling it a first-rate work, 

is that you finish it. 

—Arnold Bennett 


SERVICING AM-FM/STEREO 
RECEIVERS 


Most modern hi-fi stereo music systems include an AM-FM/STEREO 
receiver. Due to the large number of circuits that make up such a unit, they 
can appear to be quite complex. However, the individual circuits are not 
complex and the unit is easy to understand and service if it is taken one 
circuit at a time. As with any piece of electronic equipment, a thorough 
understanding of circuit operation is essential to rapid and efficient servic- 
ing. It is difficult to determine if a circuit is operating properly if you don’t 
know how it should operate. 


The basic servicing procedures used on AM-FM/STEREO receivers apply 
to the other parts of the hi-fi system as well as on broadcast AM and FM 
receivers. Dynamic tests such as signal injection or signal tracing are used to 
locate the defective stage. Static tests such as voltage and resistance 
measurements in the defective stage are used to locate the defective 
component or components. 


Figure 1 shows a block diagram of one type of AM-FM/STEREDO receiver. C 
Two separate tuner circuits are used to select the desired AM or FM station. 
Each Tuner consists of an r-f amplifier, mixer and oscillator. The AM or FM 
i-f signal is then fed to a combination AM-FM I-F Strip. The i-f strip is 
generally arranged _so that the first couple of stages amplify both the 455-kHz 
AM and the 10.7-MHz FM if signals.-Since the AM signal levels are 
generally quite high, only a couple of stages are needed to bring the AMri-f 
signal level TONG Ohi cable Tever Tt is also common for an AM-FM/STEREO 
receiver to have completely separate i-f stages. A conv conventional diode- -type 
AM Detector demodulates the signal and applies the recovered audio to the 
audio amplifiers. 


The FM i-f signal is applied to several more i-f stages with the last stage or 
two operating as limiters. The FM i-f signal is then demodulated in a 
separate FM Detector. Both ratio detectors and discriminators are used. On_ 
a_stereo broadcast the output of the-detector consists. of a signal which 
represents the sum of the left and right channel audio signals as well as the 
stereo-difference signal. The combination left and right audio signal could be 
applied to ana audio amplifier and would produce a normal monaural output. 
However, when this signal is combined with the stereo difference signal in 
the stereo demodulator, the left and right audio signals are separated to form 
the stereo signal. The left and right audio signals are then applied to the right 
and left channel audio amplifiers. 


When servicing any receiver, the first step is to isolate the trouble to a stage 
or group of stages. Once the defective stage has been found, you can 
perform the tests necessary in that stage to locate the defect. 
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STEREO 
DEMOD, 


AM 
DETECTOR 


Figure 1 


TUNER CIRCUITS 


Figure 2 shows the schematic diagram of a typical AM tuner. The term 
FRONT END is often applied to such a tuner which consists of an r-f 
amplifier, mixer and local oscillator. The Loop Antenna and T, are tuned to 
the desired station frequency by C,,. Provisions are also available for 
connecting a long wire external antenna to the circuit. Q,; is an NPN 
transistor operated with its collector near ground potential. The negative 
supply is connected to the emitter through R; with C; bypassing the emitter. 
This ‘upside down” arrangement provides more stable operation and 
permits the use of both PNP and NPN transistors without separate power 
supplies. Bias for the Q, stage is supplied by the age source through Ry». The 
agc source provides a negative voltage that increases as the signal strength 
increases. Since Q, is an NPN transistor, an increase in negative base 
voltage reduces base and emitter current, causing a reduction in gain. This 


method of reducing gain by reducing emitter current is called REVERSE 
AGC. ee _ Tit ee 


—__ 
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The tuned collector circuit of Q, is formed by the primary of T, and C,,. The 
collector is tapped down on the primary of T, to provide the desired 
impedance match and keep circuit Q high. The secondary of T, couples the 
amplified r-f signal to the base of Q,. Reverse agc bias is applied to the mixer 
base through R,. 


Q; and its associated components form a Hartley oscillator circuit which 


serves as the oscillator. C,c tunes L, to the dési 5455 KHZ 
above the incoming signal. C; couples the oscillator signal to the emitter o 


the mixer, Q5. The tuned circuit, T;, in the collector of Q, passes only the 
. . . at ee ee Oe RO ee ee ee ek — 
difference i-f signal. ne 


~ 


Figure 3 shows the schematic diagram of a typical FM tuner or “front end.” 
a Ce nn a Pes eS ‘ ° : 
Q,; a junction field effect transistor, forms the r-f amplifier, Field effect 


transistors are becoming very popular in r-f amplifier — 
operating COngiOnS-the-pate-is-Feverse-hiasea € input impedance of the 


JFET is then high, and it does not load down the tuned circuit. This circuit 
also reduces CROSS MODULATION. Cross mod ion occurs when a 


Se Re Ase he noe ua a weaker desired signal. Cross modulation often 


occurs in bi-polar transistors se the base circuit is forward biased and 
tends to be nonlinear. Pika errs ¢ 


PIR EI nn yee 
AGC 
O 
SHIELDING 
Pott prt rrr Hees ---- 4dj/F---~=-------- — 
| Ic ! Ra Ra | 
| 2 be ae R Q T j 
el La; “jo Ass Sige pad eae stil 
ine a °7 (7 eto 1! TO BASE 
We) eo Css nies i 1 1 OF FIRST 
wIeit [e3nge Lh lis i ei Ha TO I-F STAGE 
ANT; YI C4 | i yer 1 ly 1 
INPUT; \ ! \ | S ‘jy = 2 l4 ie? OO 2 ae T BIAS 
ARAN 3 1 
aa temortien| Soh ie isel) See ae ieee 
AGC = S ICAPACITORS 
\ oot) 
\ 
\ OAFC 
in 
1 
1 
| 
1 
1 
| 
1 
! 
fi 


Figure 3 


L,, C,, and L,, C, form a double-tuned bandpass filter circuit to select the 

ested Signa’ trequency. ote that L, and L, are not inductively coupled 

but capacitively coupled by C,. Extensive shielding i reduce 
. . . . pe SS oe ee . . . 

desi uctive coupling as well as to prevent undesired radiation of 
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the oscillator signal. Reverse agc is applied to the gate of Q, through R,. Q, is 
operated “upside down” with the drain grounded through L; and the supply 


connected to the source through R, Rg. The Q, stage is neutralized by C,. C; and 
L; form the tuned output circuit for Q,. L; is tuned along with L,, L, and 


oscillator coil Ly, In many FM receivers, front end tuning is not inductive, 


5 {palin tet J ae 
but is capacitive. This 1s achiéve ieved by either a ganged varia either a ganged variable c le capacitor 0 or. 


~varactor diodes. 
ol ane 


Q;, connected as a common-base oscillator, serves as the local oscillator. Cy 


and L, determine the uid Ly determine the frequency of oscillation. Cy provides the feedback to 
sustain oscillation. Voltage variable capacitance diode D, provides a automat-_ 
ic frequency control. ‘The capacitance of D, is controlled by the afc voltage 


derived from the FM detector. As the afc negative voltage. reduces the 


reverse bias on D,, the diode’s capacitance increases », Causing a de a decrease it in 
Trequency and vice versa. 


The oscillator signal from a tap on L, is coupled to the base of the Q, mixer 
stage. T, in the collector circuit of Q, passes only the 1-f difference signal to 
the i-f amplifier. Reverse age is applied to the mixer base through R;. L; is a 
107-MHz trap which prevents any outside signals in the if range from 
getting into the mixer circuit and, in turn, into the i-f amplifier, If this were to 
occur, an interfering signal might appear across the entire FM ban 
ee eee eee SS cow Sea 


AM-FM I-F AMPLIFIERS 


As mentioned earlier, many AM-FM/STEREO receivers employ a combina- 
on i-f amplifier that can amplify both the 10.7-MHz FM +t signal as well as_ 

5-kHz AM i-f signal. Figure 4 shows a typical combination i-f amplifier 
ae with the AM and FM detector circuits. 


tuner mixer circuits. The secondaries of the two transformers are connecte 
in series and apply the signal to the base of the First I-F Amplifier, Q,. 
Switch S,, supplies power to either the AM or FM tuner so both are not 


operating at the same time. Placing the 10.7-MHz FM i-f transformer closest 
to the base and the 455-kHz AM i-f transformer clos round sets up the 
following conditions, concerned, 


the low reactance of the AM 1-f transformer nee acts like a short to this 
signal. e other hand, the very ae) 


prese osition to the -KHZ 1- signals. As a result, the circuit 

“appears”’ to have only one effective i-f trans ormer at each intermediate” 
yp ANT nn RI an <a aE 

frequency. 

Af tors in this i- “upside down,” as were the 

transistors in the AM and FM tuners shown previously. With this arrange- 
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ment, the collector loads are grounded and the supply voltage is applied to 
the rimaries of both i-f transformers are conn 
the collector circuits of Q, and Q,. The operation is the same as in the base 


circuit oO 


Let’s trace the signal through the 1-f amplifier, assuming that the AM tuner is 
operating. The AM 1i-f signal is coupled through T, to the base of Q,. The 
output signal from Q, is coupled to the base of Q, through T,. The voltage at 

e emitter of Rui is used as the age voltage for the AM tuner mixer and r-f 


stages. Bias for , Stage is developed by the agc circuit consisting of Ds, 
Stages. 
Rig and'\Cz: 


The output signal from Q, is coupled to the detector, D,, and age circuit 


through T,. Dy serves as a conventional diode AM detector. The filter 
network consisting of Rj, through R;, and C,, through C,, removes the r-f 


from 10 Signal. The audio signal is then applied to the 
audio amplifier through S,p. Wee rh Sees 
<b sete ia ET RISE: * eel 


A negative agc voltage is deve lied back to the e base of Q, 


through R, and R,. An increase in si nal level increases ve 2 
eollace Tapper name UEP ay Q,. This reduces the forward bias on On 
reducing Q, emitter current and circuit gain. A reduction in Q, emitter 
current causes an increase in the negative voltage at the emitter of Q,. This 
increased negative voltage is also applied to the AM tuner mixer and r-f 
circuits to reduce their gain. D, isolates the mixer and r-f amplifier age 


circuits. R, is adjustable so that the gain of the i-f amplifier can be set to the 
. Oe eee 

desired point. 
ped BE ee 


The AM signal at the primary of T, is coupled through L, and Ca.) to the 
tuning meter circuit. L, and Cy) form a 10.7-MHz trap. The AM signal is 
aos APG an! RN Sia: chee 


This AM-FM/STEREO Receiver uses integrated circuits and 
crystal filters in the FM i-f amplifier. 


Courtesy Heath Co. 
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rectified by D, and the dc voltage applied to tuning meter M,. As the receiver 
is tuned through a signal, the reading on M, will increase to a maximum at 
the point where the receiver is tuned exactly to the station carrier frequency. 


= f-) 


The FM signal follows a similar path through the first and second i-f stages. 
The 10.7-MHz signal at the collector of Q, is coupled through C,, to Ds. Ds 
operates as a sid Bae et and develops a negative agc voltage. This _ 

aD See SS 
voltage is applie to the base of Q, to controlits_gain. In’turn, the 
emitter voltage of O, Te used as the mixer age voltage in the FM tuner. D, 
isolates the FM mixer age circuit from the other circuits connected to the Q, 


emitter. Due to the higher frequencies involved with FM operation, C, and | 


C; provide neutralization for the Q, and dQ) sta: pees 


Cages OT ainplincation are required for FM than AM. iT; couples the Sigtal 


from the collector of Q, to the base of Q;, the Third FM I-F stage. The 
output from the Q, stage is coupled through T> to the-0; Fourth FM I-F 
stage. The output of Q, is coupled through T, to a.standard Ratio Detector 


ieee . . . . 
circuit consisting of Ol Ds; , Dez eir associated component couples the 
audio output of the FM | _FM detector to the audio amplifiers eutioty: stereo 


demodulator unit. ee ae eg 
eae na 


Nee oes the supply voltage from the Q, and Q, 
stages; and S,, applies the suppty-voltage only to the AM tuner. When FM 


operation is selected, S,, and S,, apply power to only the FM tuner as well 
as to the Q, and Q, stages. 


In addi audio signal appearing at the junction of R., and 4 and Cy,, 4 a dc 
pees appears at this point. This voltage is zero when the receiver is tuned, 


t_on the carrier frequency, producing an intermediate frequency at 


_If the receiver tuning is either high or low, a positive ora 
ee ive voltage will appear at this point. This dc voltage is applied to the 
FM tuner afc circuit through R,, to provide Tata Hee ST 
The positive or negative afc voltage aids or opposes the reverse bias on the 

D, in Figure 3) to keep the “local 


vol 
oscillator on the correct frequency. S,- provides a positi 


votlage is shorted to ground.so the receiver can be tuned to an FM station 
Without-afe-acton., 


The FM i-f signal at the collector of Q, is applied to the tuning meter circuit 
through C,,. Dy rectifies this signal and provides the greatest deflection of M, 
when the receiver is tuned correctly. 


The FM i-f signal at the collector of is also applied to the age rectifier, 


circuit through C,;. D; and D, form a TICE doubler circuit which develops 
Hnesitiveacc voltage for the FM tuner r-f amplifier. 
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INTEGRATED CIRCUIT I-F AMPLIFIERS 


Integrated circuit amplifi e becoming ver ular in FM i-f amplifiers. 
I iti 1 crystal and ceramic filters I- 


Strips in place of conventional LC circui shape the bandpass. Figure 5 
SRS ae ERC it caaneitfter Sabittiie Gall cee 
circuits as well as transistors. There are many advantages to this type of 
circuit. The crystal fil rovide more ideal flat-topped intermediate- 
fre leacy tasponse and adjacent channel 7eleation-"The intearated circuits 


provide high gain and have built-in limiting. 


Figure 5 


The input signal from the FM mixer stage is coupled through T, to the 
Crystal Filter. C,; couples the output signal from the Crystal Filter to the 
base of Q,. Following amplification by Q,, C, couples the signal into IC,. 
This integrated circuit consists of several differential amplifier stages as 
shown in Figure 6. From IC, the signal is passed through another Crystal 
Filter and applied to the input of IC,. This integrated circuit is the same as 
IC, shown in Figure 6. The output signal from IC, is coupled to the base of 
Q, through C,,. T, couples the signal from the collector of Q, to the,D,, D, 
fatio detector. The audio output is taken at the junction of R,, and 1 err 


Comparing the circuit of Fi Figure 4 shows that less-stages 
are required with integrated circuits. However, usually more transi ~ 
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“i INTERNAL CONNECTION—DO NOT USE 109+Vcc 


Oo 
6 


* 


Figure 6 


actually used when IC’s are employed. Note that there are 10 transistors in 
the circuit in Figure 6 Two-ot these 1C’s are used in Figure 5; consequently, 
there are actually 22 transistors in the circuit of Figure 5 compared to four 
for Figure 4. In addition, the use of crystal filters can cut down the number 
of tuned circuits In this circuit-onty the mixer transformer T,-and the ratio 
detector transformer T, require tuning. The crystal filters also provide the 
wide, uniform frequency response needed in the i-f amplifier for good FM ~ 


“stereo operation. 


FM STEREO 


Figure 7 shows a block diagram of the basic stereo FM transmission system. 
The left (L) and right (R) audio signals are applied to an Adder circuit which 
the signals from ber channels-The right _a monaural signal which contains 
the signals from both channels. The right audio signal is also applied | to an 
Re sie ceirouicavnich develove a —R signal. The L signal and the —R signal 


are then combined in another Adder which produces an L — R signal. This L 
— R signal is then used to modulate a 38-kHz subcarrier in a Balanced 


Modulator, The Balanced Modulator develops a set of L — R sidebands with 
the 38- kHz subcarrier suppressed, The 38-kHz subcarrier is obtained by 


ofa 19-kHz subcarrier Because a reference 1S 


sed carr SC) signal, a sample of the 19-kHz subcarrier is sent along as 
aPILOT SIGNAL, ___ F Paeaaay 
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C= 
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Figure 7 


The L — R sidebands along with the 19-kHz pilot subcarrier are added to the 
L_+ R signal, and the entire composite signal modulates the FM transmilter 
carrier. shows the frequency distribution of the composite signal. 
When the ignal is demodulated at the receiver, this 1 is the signal that 
would appear -of the FM detect 1e_pilo rier a a 
— R sidebands are above the audio range and» ae not be hear | 
conventional monaural FM receiver, only the L + 
appears as a nor ignal. To produce t ereo signals, the 
me — R sidebands must be demodulated to develop the L — R signal, This 


signal is then combined with the L + Signal in a suitab oduce 


the L and R stereo signals. a 
the “and * stereo signals. 


COMPOSITE SIGNAL 


PILOT ra 
SIGNAL L-R SIDEBANDS 


fo) 15 19 23 38 53 
FREQUENCY (kHz) 


Figure 8 


Figure 9 shows a block diagram of the basic stereo FM receiver demodulator 


circuit. The composite signal from the FM demodulator is first applied to a 
_Filter. This separates the various parts of the composite signal-The-t9-kHz 


pilot signal is used to synchronize a 38-kHz Carrier Generator. A Demodu- ( 
lator circuit recov he original udio-signal by combining the E=R 


the 38- -KHz - regenerated carrier. The L + R and L — R audio 
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LEFT 

(COMPOSITE SIGNAL) OUTPUT 
L+R AUDIO SIGNAL FILTER MATRIX 

L-R SIDEBANDS cit 

OUTPUT 


19 kHz 


PILOT 
DEMODULATOR 


38k Hz 
CARRIER 
GENERATOR 


Figure 9 


signals are then applied to a Matrix circuit which develops the separate left 
and right audio signals. 


In addition to the stereo subcarrier M stations transmit _SCA 
subearnerse] hese subcarriers carry “background music.” A store or office 
“purchases” the service from an FM station, which installs a special 
receiver that demodulates only the SCA subcarriers. The SCA subcarriers 
are located between 53 kHz and 75 kHz. They must be filtered out to prevent 


interference with stereo FM fr nl. 


Figure 10 shows the schematic diagram of a typical stereo demodulator 
circuit. The composite signal from the FM detector is applied through C, and 
the L,C, filter to Q,, the 19-kHz Amplifier. L, and C, are tuned to 53 kHz and 
filter out the lower portion of the SCA frequencies. L; and C, in the collector 
circuit of Q, are tuned to 19 kHz. C; couples the 19-kHz pilot signal from the 
collector of Q, to Q,, the 38-kHz Doubler. The collector circuit of Q., 


consisting of Cy and the primary of L,, is tuned to 38 kHz. pape Opetars 
as a frequency doubler. The L, secondary applies the 38-kHz signal as we 


‘as the L + R audio sign: signal and the L — R sidebands to diodes D,, D3, D, and 
Ds of the detectormatrix circuit. 


Since the-emitter-of Q,is-not bypassed, the composite signal appears at the 
emitter~L. and C, are tuned to 75 kHz and remove the remaining supper SCA 


frequencies. R,, and C,; then couple the L +R audio ‘signal along with the b 
— R sidebands to the detector matrix circuit. 


There are several ways in which the demodulator/matrix circuit can be 


examined. The simplest way is to consider the demodulator/matrix circui . 
oe eget ale 
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19k Hz AMP 
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DET Tied 
"\ ae 
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=H Vee Ci5 
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R 
x= Cs i 0 
(r~? 16 in 
CN AY a 
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Oy O+Vec 
STEREO 
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_a switching circuit. If we were to observe the composite signal_L + R audio 

and L — R sidebands, appli of Ly, it 
WSU ae the AE pean SL teers When the 38-kHz signal of _ 
Figure 11B is added to the composite signal, the e resultant signal shown in 
Figure 11 11C is obtained. This is thes > Switching 


circuit. Careful examination of the waveform c of Figure 11C shows that the 
left and right signals do not appear simultaneously but appear alternately in 


the waveform at a 38-kHz rate. To >. To separate the two signals, the combined 


signal is applied to a switch operating at erating at 38 kHz. 
Diodes D,, D;, D e38-kHz switch in Figure 10. This circuit is 


redrawn in simplified form in Figure 12. With the diodes connected as 


shown, D, and D, conduct when the top end | of the L, secondary is posi 
‘D, and D, conduct when the top end of the L, secondary Is ‘dary ienegatve- Figure 
2g BOO Ds CONDUCT WESSs Mie rn 


RIGHT 38 kHz LEFT SIGNAL 
“se AANA 
fa 


Leben Jat 


SIGNAL RIGHT SIG 


A B ( 


Figure 11 
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13 shows how the diodes conduct on the composite waveform of Figure 11C. 
The diodes thus switch the composite signal waveform between the left and 
right outputs. Snes ee sel eee 
and right signals. Ry to ong wit i3 and C,, form a de-emphasis _ 
netWOrR TS PFOVICE the proper frequeney respons from the FM signal. This 
is because FM stations use pre-emphasis. The diode switching circuit and its 
associated components form the demodulator and matrix circuits shown in 
the block diagram of Figure 9. 


The circuit of Fi monaural 
operation. When a monaural signal is received, only L + R audio signals will 
be applied to Q,. Thus, the Q, 38-kHz doubler will be inoperative. R,, and 
C,; will apply only the L + R audio signals to the center tap of Ly. Rj, 
connected to the center tap-of the L; sé secondary and +V¢c, forward biases— 
D, and D;, applying” the L + R audio signals to both the left and right outputs 


for monaural operation. The forward bias provided by Ry does not affect 


stereo operation. Ps 


— 


D5AND Dg CONDUCT ONLY ON 


THESE (UPPER) 38 kHz 
NV \, PEAKS 
ae 


= LEFT SIGNAL 


RIGHT SIGNAL 


C14 D3AND Dy 
ak. CONDUCT ONLY ON THESE 
38 kHz = (LOWER) 38 kHz PEAKS 


Figure 12 Figure 13 


indicator circuit. When a stereo signal is bein 


received, the t evelo tage across Ry; and Cig. 


This signal ee aati biases Q, which, in turn, forward biases Q,, Waara the 
stereo indicator. Wh resent, the voltage appearing 


cross R,; is not great enough to turn on Q, ee the stereo indicator. The 


emitter resistor of is made variable so tt _signal~ 
appl e resultant 38-kHz signal can ae e varied. Ry i is adjusted so__ 


broadcast. 


Many modern stereo receivers use another t alled 


the “phase Iocked loop” decoder. This circuit is superior to that shown in | 
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Until development and refinement of the integrated circuit, the phase locked 
loop circuit was far too complex to be used in consumer multiplex decoders. 
Using a single IC and a small number of discrete components, a very simple 
phase locked loop decoder can now be constructed. 


PHASE 38 kHz 
DETECTOR Se OSCILLATOR 


TO STEREO 
DEMODULATOR 


19 kHz 
AMPLIFIER 


38 
kHz 


COMPOSITE SIGNAL 
FROM DETECTOR 


Figure 14 


The basic phase locked loop system is shown in the block diagram of Figure 
14. As in the conventional decoder circuit, the composite signal is fed from 
the FM detector to a 19-kHz amplifier, whose output is doubled in frequency 
by a doubler circuit. The 38-kHz doubler output signal goes to a phase 


detector, which compares the phase-of the doubler output signal with that of 


rosin pee then produces a de Output that is 
proportio e phase difference of the two 38- kHzi inputs. This dc output (a 


transmitted subcarrier by < a closed | loop. system. 


Figure 15 is a diagram of a complete phase locked loop multiplex decoder. 
Virtually all of the circuitry is contained in one integrated circuit. The basic 
phase locked loop system occupies the top row of blocks. The three blocks 


The Heathkit AJ-1510 digital tuner uses a phase locked loop | 
multiplex decoder. 
Courtesy Heath Co. 
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enclosed by dashed lines are together a sophisticated replacement for the 
38-kHz oscillator block of Figure 14. In this case, however, the phase 
comparison frequency used is 19 kHz, and not 38 kHz. 


second output connects to the stereo demodulator, and will be discussed 
later. 


After the 19-kHz pilot signal has been amplified, it leaves the IC through pin 
2 and is coupled through C, to pin 12 and back into the IC. C, is a bypass 
capacitor. Pin 12 connects to both the phase detector and pilot amplitude 
detector. 
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Also connecting to the phase detector block is the output of the 38 kHz to 19 
kHz quadrature divider. As in the basic diagram of Figure 14, the two inputs 
are compared in phase, and a dc output, proportional to the phase differ- 
ence, is produced. This de correction voltage is amplified by a dc amplifier 
(within the 76-kHz VCO block) and used to vary the 76-kHz VCO frequency 
slightly, controlling the phase. 


R,, C; and C, form a Low-Pass Filter used to remove any remaining ac 
component from the phase detector 0 utput. Without this network, stereo 
separation may be degraded. R,, R; and C, ‘make up the VCO frequency 
control RC network. R; is the only alignment control in the decoder and is a 
coarse frequency adjustment for the VCO 


“Src iota tt hacen Eibach bacheer pe opr in NL OR 


The 76-kHz VCO output signal goes to a two to one divider. One of the 
38-kHz output signals of the divider feeds the 38 kHz to 19 kHz quadrature 
divider, where it is further divided to 19 kHz. Part of this stage’s output is 
returned to the phase detector, with the remaining output feeding the 38 kHz 

to 19 kHz in-phase divider. A 38-kHz signal from the 76 kHz to 38 kHz 
divider is also fed into the 38 kHz to 19 kHz in-phase divider. The output of 

this stage is a 19-kHz signal that is in phase with the pilot signal and 90 
degrees out-of-phase with the quadrature divider output. The 19-kHz output ec 
signal of the in-phase divider is fed to pin 11 as a test signal, as well as to the 

pilot amplitude detector. 


The pilot amplitude detector receives the 19-kHz pilot signal and the 19-kHz 
output signal of the in-phase divider. When both signals are present, the pilot 
amplitude detector produces a dc output, which is filtered by stereo switch 
filter C, and applied to the lamp driver and stereo switch. As a result, whena 
stereo signal is received, the lamp driver and stereo switch are turned on, 
powering the stereo indicator lamp and stereo demodulator. If the received 
signal is mono, no dc will be applied to the lamp driver and stereo switch; the 
stereo indicator lamp and stereo demodulator will remain off. 


The second output of the input buffer is connected to the stereo demodu- 
lator. The stereo demodulator recovers the original L — R audio signal by 
combining the L — R sidebands with the 38-kHz output of the 76 kHz to 38 
kHz divider. The L + R and L — R signals are developed into the separate 
left and right audio signals. 


F 7 d R; and Cs provide the necessary 75 ws 
See eee while the Aisin buffers pr rom the stereo 


emodulator. The phase locked loop feature of the demodulator causes the 
O output to be the same phase as the 38-kHz subcarrier oscillator at the 
FM transmitter. Therefore, the 38-kHz signal applied to the synchronous 
demodulator allows the left and right channel audio signals to be recovered ( 
with almost complete elimination of any 19 or 38-kHz components that 
might otherwise accompany the recovered audio. 


7550 
18 


SERVICING AM-FM/STEREO RECEIVERS Q1 


The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


TUNER CIRCUITS 


AM-FM I-F AMPLIFIERS 


INTEGRATED CIRCUIT I-F AMPLIFIERS 


FM STEREO 


. Most AM-FM/stereo receivers employ the same tuner circuit for both the 


AM and FM < stations. True or False? 


. The same i-f stage can be designed to amplify both 455-kHz and 10.7-MHz 


i-f signals. True or False? 


. The age bias employed on the Q, and Q, stages in Figure 2 is referred to 


as 


. If the desired station frequency is 1000 kHz, to what frequency are T,, C, 4 


and L,, C,~ tuned (Figure 2)? 


. Why is the collector of Q, connected to a tap on the T; primary (Figure 2)? 


. What is an advantage of using a junction field effect transistor as an r-f 


amplifier? 


. How does D, in Figure 3 provide afc action? 


. Why is it possible to connect both the AM and the FM i-f transformers in 


series in Figure 4? 


9. The element of Q, in Figure 4 that would have the highest voltage would be 
the (a) collector, (b) base, (c) emitter. 
10. Explain the operation of the AM agc system in Figure 4 for a signal 
decrease. 
11. During FM operation, Q, and Q, do not receive power from S,;. True or 
False? 
12. In Figure 4, D; and D, form a (a) gated beam detector, (b) ratio detector, 
(c) discriminator. 
13. In Figure 4, the voltage at the junction of R,, and C,, is 
(negative, positive, zero) when the receiver is properly tuned 
to the FM station. 
7550 
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14. In Figure 4, what would be the effect on receiver operation if the 
connection between R,, and S,. were to open. 


15. Give several advantages of using integrated circuits in FM i-f amplifiers. 
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SERVICING PROCEDURES 


To efficiently service the large number of circuits in an AM-FM/STEREO 
tuner, the service technician must have a thorough understanding of the 
circuit operation. A logical troubleshooting procedure will quickly lead to 
the trouble. The logical troubleshooting procedure for an AM-FM/STEREO 
receiver is essentially the same as for conventional AM receivers. You 
would begin with a careful visual inspection of the unit. Unless the customer 
indicates that the unit blows fuses or otherwise overheats, apply power to 
the unit and observe its operation. Operate the unit in all modes to determine 
the general fault. Once you have determined the general fault (AM inopera- 
tive, FM stereo inoperative, etc.), you can use signal injection or signal 
tracing to locate the defective stage. After the defective stage is located, you 
can use voltage and resistance tests to locate the defective component. 


To illustrate the servicing procedures for an AM-FM/STEREDO tuner, 
assume that we are servicing the unit shown in Figure 16. This is a complete 
AM-FM/STEREDO receiver, manufactured by the Admiral Corporation, and 
includes a stereo audio amplifier with phono and tape inputs. In our 
discussion, we will list the most common faults or symptoms and the 
procedure for isolating the defect. 


Completely Inoperative Receiver 


Unit Completely Inoperative, Pilot Lights Do Not Light— 


AC line circuit or power transformer defective—A check of the ac 
power circuit can be made by removing the line cord from the wall 
outlet and connecting an ohmmeter to the line cord. If the primary 
winding, line cord, switch, etc., are good, you should obtain a low 
resistance reading (25 ohms or less) when the power switch is turned on. 
If a proper reading is not obtained, you can use your ohmmeter to check 
the various parts of the circuit to locate the defect. Some units include a 
circuit breaker or fuse, and this should also be checked. If the fuse or 
circuit breaker is open, there may be a short or overload in the unit. If 
there are no visual signs of overload or a short, reset the breaker or 
replace the fuse. Observe the operation of the unit as you apply power. 
If the fuse or breaker holds, it was probably a line transient that caused 
the trouble. However, if the fuse or breaker opens again, there is a short 
or overload in the power supply or other sections of the circuit. You can 
use your ohmmeter to check the various power supply components to 
locate the defect. 


Unit Completely Inoperative, Pilot Lights On— 
Power supply troubles or a trouble that affects both channels—Because 


the pilot lights are on, the Tyo, primary circuit must be all right. The 
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trouble must be in the power supply or something that affects both 
channels. You might make a quick signal injection test by touching the 
slider on the volume control for each channel, Rooz, and Roozg. If an 
output is obtained, you can assume that the audio amplifiers and power 
supply are good and that the trouble is ahead of this point. You can 
apply test signals to the phono and tape inputs and determine if the 
trouble is ahead of the switch. The function switch in units like these 
has several decks and many contacts. Dirty and corroded contacts can 
render the switch inoperative. If the switch is in good condition and 
signals applied to the tape and phono inputs produce an output, the 
trouble is in the receiver. Signal injection or signal tracing can be used 
to locate the defective stage. 


If the simple signal injection at the volume control produces no output, 
the trouble is in the amplifiers or power supply. A quick check of the 
power supply output voltage will show if the trouble is in the supply. If 
no output voltage is obtained, you can check the power transformer 
secondary voltage. The diodes and filter capacitors can be checked with 
an ohmmeter. 


The power supply in this unit is somewhat nonconventional in that 
the positive an above chassis 


ground. A floating ground | system is is employed. “This is necessary since 
17 shows a simplified schematic of the power supply. In the ake as 
noted on the main Schematic, all voltages ar are taken_ with respect to_ the 
Sean oiganittss operate from the ise 5 volt and 14.5-volt sources. 
The multiplex circuit operates from the 13-volt source. The AM-FM 
receiver circuit operates from the 8-volt source which is chassis ground. 
These voltages are all with respect to the floating ground. 


CRool 


CHASSIS 
GROUND 


FLOATING 
GROUND 


Too! 


Figure 17 
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Always check the schematic notes when troubleshooting to see if a 


round is used. Otherwise, your measurements may lead you to 
incorrent conclusions. It may help to draw a simplified schematic of the 
power supply as shown in Figure 17 to help in analyzing the circuit. 


As mentioned before, a trouble in one channel might affect the 
operation of the entire unit. For example, a shorted driver transistor in 
one channel would cause excessive current in R355, causing a reduction 
in the 14.5-volt supply. This would affect the operation of the driver 
stage in the other channel, along with the other circuits in the unit. It 
may be necessary to disconnect the various circuits in each channel 
from the power supply to isolate the trouble. 


Amplifier Troubles 


One Channel Inoperative On All Functions— 


Defect in one of the amplifier channels or speaker system—With one 
channel functioning, you can conclude that the power supply is all right 
along with the operating channel. The speaker system can be quickly 
checked by interchanging the speakers. If the trouble remains in the 


FREQ RANGE 


An audio oscillator, like the one shown above, can be used to 
provide test signal for troubleshooting audio circuits. 
Courtesy RCA 
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same channel, the speakers are functioning properly. However, if the 
trouble switches channels, the speaker is defective. This can be verified 
with an ohmmeter check. Signal injection or signal tracing can be used 
to locate the output and work towards the input. The opposite proce- 
dure is followed when using signal tracing. Remember, with a stereo 
amplifier you have a built-in servicing aid, the operating channel. You 
can compare the operating channel to the inoperative channel to help 
locate the defect. Once the defective stage is located, voltage and 
resistance checks can be used to locate the defective component. Since 
the amplifier in the circuit of Figure 16 employs direct coupling, a defect 
in one stage can affect the others. Very careful voltage checks must be 
made to locate the trouble. 


AM-FM Section Troubles 


Both Channels Inoperative on AM and FM, Phono and Tape Inputs 
Normal— 


Defect common to both the AM and FM receiver stations—Because the 
unit functions normally on the phono and tape inputs, the audio 
amplifier and power supply are operating. With both AM and FM 
inoperative, the trouble in a stage common to both functions (ahead of 
S,). In the circuit of Figure 16 the only stages common to both functions 
are the Qiog and Qo; i-f amplifier stages. The best point to begin signal 
injection tests would be at the AM Detector, CR,,,, and then work back 
towards the Qiog stage. Once you have isolated the defective stage, you 
can employ voltage and resistance tests to locate the defect. 


A defect in the power supply could also make the AM and FM functions 
inoperative. A quick check of the power supply voltage would indicate 
if this is the problem. Remember, this unit has a floating ground. The 
chassis ground foils on the receiver circuit boards will be 8 volts 
positive with respect to the floating ground as shown in Figure 17. The 
function switch might also cause this trouble. This would be evident if a 
signal injected at the input and output of the AM detector produced no 
output. 


AM Inoperative, FM Operates Normally— 


The AM tuner is defective, defect in the AM i-f stages or detector— 
Since the FM section operates normally, the defect must lie in the 
circuits that are used only for AM operation. The possible stages would 
be the Qi); AM converter and CR,), AM detector stages. Because the 
FM section is operating normally, Qj, and Qj); must be operating. 
However, a defect in the AM i-f transformers T17, Tyos Or T;,) could 
cause the trouble. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


16. 


17. 


18. 


19, 


20. 


21. 


22. 


oe 


24. 


25. 


26. 


27. 


SERVICING PROCEDURES 
COMPLETELY INOPERATIVE RECEIVER 


AMPLIFIER TROUBLES 


A conventional monaural FM receiver will develop a monaural signal 
output signal when tuned to a stereo station. True or False? 


The L — R audio signal modulates the FM carrier in a stereo system. True 
or False? 


In the stereo demodulator circuit, the 19-kHz pilot signal is combined with 
the L — R sidebands in the demodulator to develop the L — R audio signal. 
True or False? 


What is the purpose of the matrix circuit in a stereo demodulator? 


What is the purpose of L,C, and L,C, in the circuit of Figure 10? 


Why does Q, in Figure 10 operate as a doubler? 


Briefly explain the operation of the stereo demodulator in the circuit of 
Figure 10. 


The circuit in Figure 10 will switch from stereo to monaural operation 
automatically. True or False? 


In Figure 10, what effect would adjustment of L, have on circuit 
operation? 


In Figure 14, the phase detector compares the amplitude of the doubler 
output with that of the 38-kHz oscillator. True or False? 


In Figure 15, what is the source of the signal applied to the input buffer? 


In Figure 15, what way would a short in C, affect operation of the decoder? 
(a) High-frequency noise would be heard in the left channel output. (b) 
There would be no audible change. (c) There will be no left channel output. 
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28. Suppose that CR», is shorted in the circuit of Figure 16. What would be 
the effect and how would you check the diodes? 


29. Suppose that C;,, in Figure 16 shorts. What would be the symptom and 
how would you locate the trouble? 
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Signal injection or signal tracing can be used to locate the defect in the 
AM circuitry. With signal injection, start at the detector output (use an 
audio test signal at this point) and proceed through the i-f stages (455 
kHz) to the converter (560-1600 kHz) stage. If you use signal tracing, 
Start at the antenna and work toward the detector. 


Although it is hard to say that one stage is more likely to be at fault than 
another, the converter stage is often the cause of trouble in the AM 
section. This stage operates both as a mixer and local oscillator. 
Changes in the characteristics of the transistor can result in failure of 
the local oscillator, although the stage may still function as a mixer. You 
can use a scope to check the operation of the oscillator. Make sure that 
the circuit oscillates when it is tuned from one end of the band to the 
other end. 


FM Inoperative—Monaural and Stereo, AM Operates Normally— 


FM tuner defective or a defect in the circuits peculiar to FM opera- 
tion—Since the AM section operates normally, the circuits common to 
AM and FM operation, Qj, and Qj 7; stages, must be all right. As in 
servicing the AM section, signal tracing can be used to locate the 
defective stage. 


When the function switch is in the FM position, the monaural FM signal 
is taken from the collector circuit of Qs9, (junction Of Roos and Ty, 
primary). Signal injection (audio) can begin at this point and work 
backward toward the ratio detector through the Q,,, stage. At the input 
to the detector, you must inject a 10.7-MHz modulated signal. Although 
an FM signal would be much better, an AM modulated 10.7-MHz test 
signal will usually work. Work back through the i-f amplifier stages. If 
you do not find the trouble in the i-f amplifiers, proceed to the front end. 
An 88 to 108-MHz test signal will be needed here. Once the defective 
stage is found, voltage and resistance tests can be used to locate the 
defective component. 


The FM local oscillator stage may be hard to check. The frequency is 
too high to be observed on a normal service oscilloscope. Instead, the 
oscillator can be checked by measuring the bias. Any shift in bias 
voltage indicates that the local oscillator is not operating. 


Stereo Troubles 


FM Stereo Inoperative, Normal FM and AM Operation— 
Defective stereo multiplex unit—First of all, make sure that the station 


tuned in is transmitting a stereo program. If the station is transmitting 
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stereo and the stereo indicator light is on, the pilot carrier is being 
received and the 38-kHz subcarrier is being generated. If the phase of 
the stereo subcarrier is not correct, poor separation, distortion or 
unintelligible signals may result. If the adjustment is not too far off, Ts», 
and Ty, can be adjusted on a stereo program for maximum separation. 
Many FM stereo stations transmit announcements and news on one 
channel only. These programs can be used to align Ty, and Tyo. An 
objectionable swishing or sizzling sound may be present on some stereo 
signals. This is caused by interference from an SCA subcarrier. Ly»; is 
adjusted until this effect is minimized. 


Correct alignment of the stereo multiplex system is best accomplished with a 
stereo signal generator. (It is important to note that stereo operation depends 
upon exact alignment of the i-f stages and detector. If the stereo multiplex 
circuit is correctly aligned and stereo reception cannot be obtained, you 
should check the i-f and detector alignment.) The alignment procedure 
differs from unit to unit. Consult the generator instruction manual and the 
receiver manufacturers’ literature for the correct procedures. 


The following alignment procedure is for the stereo multiplex circuit in 
Figure 16. 


1. Connect the r-f output from the FM stereo generator to the antenna 
terminals. 


2. Set the stereo generator for 9%, 19-kHz pilot signal with left channel 
modulation only. 


This stereo Multiplex generator provides modulated r-f and 
composite signal outputs. 


Courtesy Heath Co. 
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3. Set the receiver to the FM stereo mode, afc off. Connect a zero center 
VTVM to TP, and tune the stereo generator r-f frequency control for zero 
volts at TP,. This assures that the stereo generator is properly set. 


4. Connect a 68-kQ resistor in series with the oscilloscope lead, and connect 
the scope to the collector of Quo. 


5. Peak To, and To. for maximum 19-kHz signal. 


6. Move the scope lead with the 68-k. isolation resistor to the collector of 
Qoo3- Adjust Tyo; for maximum 38-kHz signal. Due to the doubling action 
Of CRoo; and CRoo, the 38-kHz signal will have the waveshape shown in 
Figure 18. 


7. Connect the scope lead to the left output on the multiplex board, C,,,. 
Very slightly adjust T,, for maximum left channel audio. Check the right 
channel output of C.,) which should be minimum. There should be at least a 
10 to 1 ratio between the two signals (20 dB separation). You may have to 
readjust T.9, slightly and go back and forth with the scope to obtain the best 
separation. 


8. The FM stereo threshold adjustment is made by setting RVoo. (in the Quo» 
emitter circuit) so the stereo indicator light is off when the receiver is off 
channel and connected to an antenna. RV2o; is set to keep the indicator off 
when tuned to a monaural FM station. 


9. As mentioned earlier, SCA trap Lo, is adjusted for a minimum swishing 
or sizzling sound when the receiver is tuned to a stereo station with an SCA 
subcarrier. 


Figure 18 


Signal tracing is about the best method to use when troubleshooting an FM 
multiplex unit. Most multiplex generators provide a composite output as 
well as an r-f output. Thus, you can apply the stereo r-f signal to the antenna 
terminals or the composite signal to the input of the multiplex unit, C55; Roo, 
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in the circuit of Figure 16. The r-f signal has the advantage in that the i-f 
response is also checked. 


Most stereo generators have provisions to modulate one channel at a time, 
left or right. Signal tracing is easier if only one channel is modulated. Figure 
19 shows how the opposite signal should appear with modulation on only 
one channel. In Figure 16 this signal appears at Q.»,, the junction of T,), and 
Ryog and is applied through C. 4, to the center tap of Tso3. Too; provides a 
tuned circuit to remove the 19-kHz pilot signal from the composite and apply 
it tO Qs. A scope can be used to check the output of T,), and the operation 
of the Qyo. stage. CRs», and CRs». form a full-wave rectifier which doubles 
the 19-kHz pilot signal and applies to Q,,; to form the 38-kHz subcarrier 
signal. T,9; supplies a push-pull 38-kHz driving signal to the demodulator. A 
defect in the Qs. and Qo; stages would remove the 38-kHz signal and 
prevent stereo operation. With only one channel modulated, there should be 
maximum output on the active channel and minimum output on the inactive 
channel. If adjustment of T, 9, and Ts, . will not obtain this, check the 
components in the demodulator, primarily CRs , to CRso,. An ohmmeter can 
be used to check the diodes. Make sure that the forward resistance of the 
four multiplex detector diodes are matched. 


Figure 19 


If a stereo generator is not available, an audio oscillator can be used to 
supply a 19-kHz test signal. It is important, however, that the audio 
generator be accurate. This will allow you to check out the Qyo;, Qs. and 
Qoo3; Stages. AS mentioned earlier, a stereo program with an announcement 
on one channel can be used to set the separation. 


In general, stereo reception requires a higher signal level than monaural for 
good reception. Often an outside antenna is required for good stereo 
reception. Many modern TV antennas have provisions for FM reception, 
and a line splitter made for the purpose can be used to feed both the TV 
receiver and the AM-FM/STEREO receiver. 
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The following Practice Exercise questions cover the subjects which you have 
just studied. They are: 


30. 


31. 


32. 


SEP 


34. 


aoe 


36. 


A 


38. 


AME 


SERVICING PROCEDURES 
AM-FM SECTION TROUBLES 
STEREO TROUBLES 


Suppose that C;,,, in the right channel of Figure 16 is open. Describe the 
effect and how you would locate the trouble. 


Suppose that Q.03; in the circuit of Figure 16 has an open in the base 
connection. What effect would this have on circuit voltages? 


If the primary of T,,, in Figure 16 opens, (a) only AM reception will be 
affected, (b) only FM reception will be affected, (c) both AM and FM 
reception will be affected. 


What would be the effect if C,;, shorts in Figure 16? 


Assume that the capacitor resonating T,), in Figure 16 has shorted. What 
is the effect? Describe how you would isolate the trouble. 


If C,,; in Figure 16 opens, (a) only FM reception will be affected, (b) only 
AM reception will be affected, (c) both AM and FM reception will be 
affected. 


Suppose that the secondary of T.,, in Figure 16 is open. Would this affect 
monaural FM reception? 


Suppose that L,,. in the circuit of Figure 16 is open. What would be the 
effect? 


Suppose that the stereo signal is distorted. What adjustments would you 
make in the circuit of Figure 16 to eliminate the distortion? 


A swishing or sizzling sound on a stereo program is caused by a 
misadjustment in the circuit of Figure 16 or (a) Tso, (b) Tso3, (€) Lo}. 
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40. What would be the effect if CR,,, opens in the circuit of Figure 16? 


41. If Q.o. develops a base-to-emitter short in the circuit of Figure 16 (a) the 
composite signal will not be applied to T.;, (b) the 38-kHz subcarrier will 
not be generated, (c) the stereo indicator will light on only monaural 
stations. 
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SERVICING AM-FM/STEREO RECEIVERS 


SUMMARY 


Most hi-fi stereo systems include an AM-FM/STEREO receiver. At first 
glance this can appear to be quite a complex unit. However, if the unit is 
broken down into its basic sections, the circuits are quite simple. The 
servicing procedures are the same as for a conventional AM or FM receiver. 
Start by isolating the trouble to a particular section of the unit and then to a 
particular stage. This can be accomplished by using signal tracing or signal 
injection techniques. Once the defective stage is located, voltage and 
resistance tests can be made to locate the defective component. 


A stereo FM generator is very helpful in aligning and troubleshooting the 
stereo multiplex circuit. An audio generator and on-the-air programs can be 
used if a stereo generator is not available. 
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IMPORTANT DEFINITIONS 


CROSS MODULATION—Modulation of a desired carrier by a stronger 
interfering signal. 


FRONT END—The name generally given to the section of a receiver 
consisting of the r-f amplifier, mixer and local oscillator stages. 


PILOT SIGNAL—A 19-kHz signal sent along with the FM stereo multiplex 
signal to serve as a reference for generating the 38-kHz subcarrier. 


REVERSE AGC—The arrangement where a reverse-bias voltage is applied 
to a stage to reduce emitter current and, in turn, reduce the stage gain. 


SCA—Subsidiary Communications Authorization—The SCA allows FM 
broadcast stations to transmit subcarriers containing special program 
material such as background music, special announcements, etc. 
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SERVICING AM-FM/STEREO RECEIVERS 


PRACTICE EXERCISE SOLUTIONS 


. False—Due to the differences in frequency, separate tuner circuits are 


generally employed for the AM and FM frequencies. 


. True—By using a double i-f transformer arrangement, both the 455-kHz 


AM and 10.7-MHz FM i-f signals can be handled in the same stage. 


- reverse age 


. C,, and T, are tuned to the incoming signal frequency (1000 kHz), and C,, 


and L, are tuned 455 kHz above the incoming signal frequency (1000 kHz 
+ 455 kHz = 1455 kHz). 


. Collector Q, as well as those of the other transistors in the tuner are 


“tapped down” on the collector tank circuit to provide the proper 
impedance match as well as provide high circuit Q. 


. The reverse-biased input circuit of the junction field effect transistor 


provides a high input impedance and reduces the possibility of cross 
modulation. 


. D, is a voltage variable capacitance diode. As the afc voltage increases the 


reverse bias, the capacitance of D, decreases, causing an increase in 
frequency and vice versa. 


. Due to the manner in which they are connected and the frequencies 


involved, only one transformer ‘“‘appears” in the circuit for a given signal 
frequency. 


. (c) emitter.—The emitter is connected to the supply, whereas the collector 


is grounded. 


A decrease in signal level decreases the negative agc voltage applied to the 
base of Q,. This causes an increase in forward bias on Q,, increasing 
emitter current and circuit gain. An increase in Q, emitter current reduces 
the negative voltage at the Q, emitter. This reduced negative voltage 
applied as an age voltage to the AM tuner increases the gain of the r-f 
amplifier and mixer circuits. 


False—During AM operation, the Q, and Q, stages do not receive power. 
(b) ratio detector. 

zero 

The receiver would operate normally except that no afc action would be 


provided. As a result, the receiver could drift off frequency and require 
frequent retuning. 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


15; 


16. 


Ii. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Integrated circuits provide high gain in a single package and built-in 
limiting. The wiring is simpler. 


True—The conventional monaural FM receiver responds to the L + R 
signal which is basically a monaural signal. 


False—The L — R audio signal modulates a 38-kHz subcarrier producing a 
DSSC signal. The L — R sidebands modulate the FM carrier. 


False—The 19-kHz pilot signal is used to develop the 38-kHz subcarrier 
which is combined with the L — R sidebands to produce the L — R audio 
signal. 


The matrix circuit combines the L + R and L — R audio signals to form the 
L and R stereo signals. 


The circuits consisting of L,, C, and L,, C; filter out the SCA frequencies. 


Doubler operation in the Q, stage is obtained by tuning the collector circuit 
of Q, to twice the input signal frequency, 2 x 19 kHz or 38 kHz. 


L, combines the L + R audio, L — R sidebands and 38-kHz signals. The 
result is a signal that contains the left and right audio signals appearing 
alternately at a 38-kHz rate. The diode demodulator switches the com- 
posite signal between the left and right outputs at a 38-kHz rate to separate 
the two signals. 


True—The demodulator circuit will switch automatically from stereo to 
monaural operation. 


L, would control the “phase” of the signal applied to the diode switching 
circuit. The phase of the 38-kHz signal must be correct or the demodulator 
will not operate properly. 


False—Phase is compared, not amplitude. 
The FM second detector is coupled to the buffer input. 


(c) There would be no left channel output. The left channel would be 
directly connected to ground. 


With CR», shorted, the power transformer secondary would be shorted 
every time CR). conducts. This would cause CRoo: as well as Tyo; to 
overheat. If the unit contained a fuse or circuit breaker, it would open. The 
unit would be completely dead, but the pilot lights would probably light. 
The diodes can be checked with an ohmmeter. The resistance should be 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


high in one direction and low when the meter leads are reversed across 
each diode. 


29. With C,,,) shorted, the unit would appear completely dead, as no voltage 
would reach the audio driver stage and all stages preceding that point. A 
signal injection test at the volume control would produce no output. R,,, 
may burn up. Proceeding with the signal injection tests toward the power 
amplifier would show that only the power output stage is operating. 
Voltage measurements in the driver stage would show the lack of supply 
voltage. Tracing the voltage back to the power supply would show zero 
volts following the 18.5-volt point. An ohmmeter check would show that 
C;,9 is shorted. 


30. With C,,,, open, the right channel would be inoperative on all functions. 
Switching the speakers would show that the trouble is not in the speakers. 
Signal injection at the volume control would produce no output. How- 
ever, when the test signal is fed to the base of Q,),,, an output would 
then be obtained. Bridging C..,, with another capacitor would produce 
an output. 


31. An open in the base lead of Q3o3; would cut off Q5o33. This would reduce its 
collector current to its low cutoff value, raising collector voltage and 
decreasing the emitter voltage. Due to the feedback from the emitter of 
Qso33 tO Qso:p, all the voltages in the Qs ;, and Qs 2, stages would be 
affected. 


32. (b) only FM reception will be affected.—If the primary of T,,, opens, the 
first FM i-f stage will be inoperative. As the result, the FM section will be 
inoperative. However, the AM section will operate normally. 


33. If C,;; shorts, the supply voltage to the AM and FM receiver circuits will 
be reduced to zero, making them inoperative. 


34. With the capacitor across T, 3 shorted, the AM section would be inopera- 
tive. The Q,); stage would amplify the 10.7-MHz FM i-f signals but not the 
455-kHz AM i-f signals. Isolation of the trouble could begin at the AM 
detector. An output would be obtained with an i-f signal injected either at 
the detector or at the base of Q,);. However, when the test signal is moved 
to the Q,,; stage, no output would be obtained. Since the i-f amplifier 
operates normally on the 10.7-MHz FM i-f signal, the T,o;-T,os i-f 
transformer assembly would be suspected. Due to the low resistance of the 
windings, resistance readings must be made carefully to determine the 
trouble. 


35. (b) only AM reception will be affected.—C,,, couples only the AM signal 
from the Q,,; converter stage to the base of Qo<. 
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1, A - THE AGC VOLTAGE IN THE CIRCUIT OF FIGURE 2 -- BECOMES MORE NEGATIVE AS THE 
SIGNAL LEVEL INCREASES. 

This circuit employs reverse agc, Since NPN transistors are employed, making the bases more negative 
reduces emitter current and stage gain. 


2. D- THE ADVANTAGE OF USING AN FET IN THE R-F AMPLIFIER OF FIGURE 3 IS -- REDUCED 
CROSS MODULATION. 

The gate input circuit of the FET is reverse biased to provide a high input impedance and reduced cross 
modulation. 


3. A - WITH REGARD TO THE AFC ARRANGEMENT IN FIGURE 3, MAKING THE -- CATHODE OF Dj 
MORE NEGATIVE DECREASES FREQUENCY. 

Making the cathode of D] more negative decreases the reverse bias on D,. Asa result, the effective 
capacitance increases, causing a decrease in frequency. 


4, B-IN THE CIRCUIT OF FIGURE 4 -- Q, AND Q> AMPLIFY BOTH 10.7-MHz AND 455-kHz I-F 
SIGNALS, 
Q and Q2 handle both i-f signal frequencies, whereas Q3 and Qy handle only the 10. 7-MHz i-f signals. 


5. A - WITH RESPECT TO THE CIRCUIT OF FIGURE 5 -- THE BANDPASS IS SET BY THE CRYSTAL 
FILTER. 

The crystal filters set up the desired bandpass and do not amplify the i-f signal. Diodes D, and D> forma 
ratio detector. 


6. B-INA STEREO DEMODULATOR CIRCUIT, THE 19-kHz PILOT SIGNAL IS -- USED TO GENERATE 
THE 38-kHz SUBCARRIER, 
The pilot signal supplies the correct phase and frequency for the 38-kHz subcarrier signal. 


7, D- REFERRING TO THE CIRCUIT OF FIGURE 10 -- Lg AND Cg ARE TUNED TO 38 kHz. 
Q2 operates as a doubler stage and Lg is tuned to twice the 19-kHz pilot input signal, or 38 kHz. 


8. D- SUPPOSE CRg9] IN THE CIRCUIT OF FIGURE 16 OPENS. WHAT WILL BE THE EFFECT? -- 
60-Hz HUM. 

With CRQ0] open, the power supply becomes a half-wave rectifier. The output voltage will reduce, causing 
reduced output, distortion and 60-Hz hum, 


9. A -IF R2 IN FIGURE 15 IS OPEN, WHAT WILL BE THE RESULT? -- THE 76-kHz VCO WILL NOT 
OSCILLATE, 
With R2 open, the frequency determining network is not a complete circuit. 


10, D - WHAT WILL BE THE EFFECT IF C2)] IN THE CIRCUIT OF FIGURE 16 OPENS? -- DISTORTED 
OR NO STEREO OUTPUT. 
With C,,] Open, the secondary of T2093 will not resonate at 38-kHz and demodulation will not occur, 
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PRACTICE EXERCISE SOLUTIONS (Continued) 


36. 


ae 


38. 


39. 


40. 


41. 


No—However, stereo reception would not be possible since the secondary 
of T,), supplies the 19-kHz pilot signal to the 38-kHz subcarrier stage. 


With L,o. open, the FM r-f amplifier would not have a tuned input circuit. 
Under these conditions, the sensitivity and selectivity of the front end 


would be reduced. Reception of strong signals would still be possible. 


Distortion is generally a result of incorrect 38-kHz subcarrier phase. This 
can be corrected by adjusting T,,, and T.o5. 


(c) Lyo;.—The sizzling or swishing sound is generally caused by interfer- 
ence from an SCA subcarrier. L.,), forms a trap circuit to remove the SCA 
subcarrier. 


If CR, , opens, Q.; will only receive a 19-kHz pulsating signal. 


(b) the 38-kHz subcarrier will not be generated. 
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QUESTIONS 


IMPORTANT—These instructions MUST be accurately followed to avoid loss, or 
"errors in grading. 


~y 


Indicate your answer on this sheet by filling in the box for the most correct answer 
to each question, as illustrated in the example below. 


When all questions have been answered, place the answer card in the proper posi- 
tion to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, and fill 
in the answer boxes to correspond with those previously filled in on this sheet. 


Before mailing, be certain your correct student number, name and address appear 
on the card. 


Example: 


A [_] Egg yolks are found in 


c a (A) watermelon. (B) tomatoes. (C) eggs. 
D (_] (D) dill pickles. 


The age voltage in the circuit of Figure 2 
| (A) becomes more negative as the signal level increases. (B) becomes more 
— positive as the signal level decreases. (C) becomes more positive as the signal 
level increases. (D) is fixed. 
The advantage of using an FET in the r-f amplifier of Figure 3 is 
~~ (A) low input impedance. (B) increased cross modulation. (C) lower circuit Q due 
to increased loading. (D) reduced cross modulation. 
*~ With regard to the afc arrangement in Figure 3, making the 
(A) cathode of D,; more negative decreases frequency. (B) cathode of Dy, less 
negative decreases frequency. (C) cathode of D; more negative decreases 
effective capacitance. (D) cathode of D, less positive decreases effective capaci- 
tance. 
In the circuit of Figure 4 


(A) Q, amplifies only the 10.7-MHz i-f signal. (B) Q, and Q» amplify both 
10.7-MHz and 455-kHz i-f signals. (C) Q3 amplifies only 455-kHz i-f signals. (D) 
Ds; and Dg form a discriminator. 

With respect to the circuit of Figure 5 

(A) the bandpass is set by the crystal filter. (B) the crystal filters amplify the i-f 
signal. (€) an external detector is required. (D) Qs operates as a detector. 

In a stereo demodulator circuit, the 19-kHz pilot signal is 

(A) added to the L + R audio signal. (B) used to generate the 38-kHz subcarrier. 
(C) combined with the L — R carrier signal. (D) applied to the demodulator. 


SOR TOP> TOBY BOSSY 


Referring to the circuit of Figure 10 
CA) L, and Cy are tuned to 19 kHz. (B) Lz and Cz are tuned to 38 kHz. (@) Ls and 
C, are tuned to 38 kHz.((D) L4 and Cg are tuned to 38 kHz. 


Suppose that CR», in the circuit of Figure 16 opens. What will be the effect? 
(A) Reduced audio output and 120-Hz hum. (8) Distortion of the AM signal only. 
(@) Overheating of the power amplifier transistors. (D) 60-Hz hum. 


If Ry in Figure 15 is open, what will be the result? 

(A) The 76-kHz VCO will not oscillate. (B) The 76-kHz VCO will operate at 38 
kHz. (C) The phase detector will have an ac output. (D) The 19-kHz amplifier will 
cross modulate. 

What will be the effect if C.,, in the circuit of Figure 16 opens? 

(A) SCA interference. (B) Increased separation. (C) A distorted monaural FM 
output. (D) Distorted or no stereo output. 
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UNIT EXAMINATION QUESTIONS 75 


1. Suppose that a VOM with a sensitivity of 1000 ohms per volt is used to 
measure the voltage drop across R, in the circuit shown below. The 
meter is set on the l-volt range. Can an accurate measurement be 
made? 


2. An emission-type tube tester measures the transconductance of the tube 
under test. True or False? 


3. A digital multimeter usually uses a meter movement on its low current 
range. True or False? 


4. An r-f signal generator should extend from a low frequency 
of a “to be used in servicing automobile radios. 


a ber most important quality test for transistors is to determine 


6. Signal injection is usually performed with what type of test equipment? 


Aryl 


7. Signal tracers are of two basic designs. What are they? ATU ot 


mv bs Pe. 4 Agha" 
ae 3 — 
| é 


8. What is the typical level of oscillator output voltage in a transistorized 
portable AM radio? so | Volt 


9. If the collector of the first i-f amplifier in a transistorized receiver were 
open, would a noticeable decline in total circuit current occur? __4_#s 


10. When only one stage of an integrated circuit becomes faulty, what 


service action would you take 9 eet Gavi! oy , 


UE/5 


UNIT EXAMINATION QUESTIONS 75 


11. In the circuit shown below, suppose that the connection between the 
base of Q, and the junction of R, and R, opens. Will this cause the 
emitter voltage of Q, to increase or decrease? _@“ C4402 


12. In the circuit of Question 11, what change would occur in the collector 
voltage under the given conditions? ys 


13. What is a good test point to use in a radio receiver for a signal injection 
test to split the receiver into two eb olay) the Bpuble to the r-f or 
audio-frequency sections? 


14. Refer to the schematic diagram of the AM broadcast superheterodyne 
radio receiver included at the back of this exam. If you are aligning this 
receiver, would you adjust the slug in coil L,, the oscillator coil, to 
RR i tracking at the high or the low end of the broadcast band? 


15. Refer to the diagram for the receiver at the back of this exam. Suppose 
that you are employing signal injection to locate the faulty stage in this 
receiver. To what frequency would you tune an r-f generator to test the 
Q. and.Qs stages? 4oe.R 


16. Refer to the schematic diagram of the receiver at the end of this exam. 
Suppose that Q,; develops a base-to-emitter short. Would this cause the 
emitter voltage of Q, to increase or decrease? 


17. Suppose that an automobile receiver employs NPN transistors and is 
arranged for a positive ground system. Would the collectors of the 
transistors be Bee to” ee negative supply or would they be 
grounded? 


18. Most automobile radios use permeability tuning for high electrical 
stability. Truedor False? 


iene most common i-f frequency used in FM automobile receivers 
is 


TZ 


20. If an automobile tape player is producing rough, low-level sound, what 
two measures should you take first? 


A PL 


UBS 
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22; 
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24. 
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ay 
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28. 


Zo; 


30. 


OL; 


a2. 


oe 


34. 


What is the name of the intercom system in ee each station can call 
any other station in the system? A ign & 


In many master/slave intercom systems, what serves as a microphone in 
the slave units? <P eo FH 


What provides the | unit-to-unit connection of a wireless intercom 
system? 


The constant voltage output of a public address amplifier permits the use 
of matching transformers to fulfill the power requirements of the various 
speakers of a sound system. True or False? 


Besides the power amplifier, what are the two most common elements of 


a public address system? __ yw pion Baka 


All hi-fi amplifier specifications generally state the output power rating in 
one form or another, True jor False? 

\ — 
Tuners are usually rated ip terms of at tleas} one basic specification. 


Trouble occurring in a stereo amplifier always affects both output 
channels equally. True or False? 


Can the troubleshooting technique of isolation be used in analyzing 


a 


problems with the input devices of a stereo system? U4 


What is the recommended minimum load impedance of most home 
entertainment hi-fi stereo systems? _ “7 2 — 


If touching the ungrounded terminal of the volume control with a 
screwdriver causes a noise at the speaker of a portable record player 
that was reported to have_no output, this indicates that the problem is in 
the amplifier. True or False? 


Are direct-coupled audio amplifiers more likely to. have failures of input 
transistors or output transistors? (~*Rx 


In a stereo amplifier, if you think that a particular stage in one channel 
contains a pantie what te, examination can be made? 


o eo race 


Suppose that you are applying a 1-kHz square wave test signal to a 
high-fidelity amplifier. If you obtain the output waveshape shown below, 
would you suspect poor high- or poor low-frequency response? 

v at \ RAAT Sy Ny 
i | 1? 
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39. 
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41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


If both channels of a stereo amplifier are faulty, examination of the unit 
most likely would begin with what section? yy 0 


Which does slippage in the drive system of a record changer generally 
cause, rumble or wow? 


Most low cost record changers use __tiar-“d@u, Ss motors. 


A stylus pressure gauge is not needed when a pickup arm is dynamically 
balanced. True or False? 


A_5 ' © __ disc is useful in determining turntable speed. 


The two types of tracking angle error arewd. 40) "8 Lola 


Sot bie to a ceramic cartridge, the output of a magnetic cartridge 
. LO 6 
18 . @ &# 


If the bias signal source in a tape recorder is defective, what effect will 
be noted during playback of previously recorded tape? 


Ba 
[Oy 


Good high-frequency response 1 tape recorders requires what head 
gap size aS a maximum? YAS mil 


Cassettes and cartridges are different names for the same type of tape 
container. True of False? 


Erasure of a magnetic tape requires exposing the tape to a strong 
magnetic field. (rue)or False? 


When a strong signal piel yeh: a weaker signal i in areceiver’s front end, 


aA Vs 


the result is called © < Lek 0 ema 


In many FM i-f circuits, crystal or ceramic filters replace 


s af 


LO Wegiy 


What is the frequency of the pilot signal in an FM/stereo multiplex 
System? = “Seas |. 


All phase-locked loop decoders require a 19-kHz trap. True or False? 
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doubling the 19-kHz pilot signal. True/“or False? 


50. In many FM/stereo receivers, the-38-kHz subcarrier is obtained by 
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Write your answers in the space provided. Be sure to include units, such as volts, wF, etc. where necessary. 


RETURN ONLY THE ANSWER SHEET FOR GRADING. Keep the exam for your records. 
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